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■H\^ CHAPTER I 

TAPER BOBINa AKD TURNING ATTACHMENTS 

The proposition of accurately machlnlnK male and female tapered 
surfaces 1b one of almoet dally occurrence in every factory, while the 
tapera required are of every degree of inclination. The materials oa 
which tlie work is to be done are also varied, ranging from eteel or 
brass tiar stock of small diameter to cast Iron or steel castings of 
great size. Conditions governlns the work are widely different, as 
the number of pieces needed obviously makes a difference In the method 
of handling. When only one or two are required, and the size of the 
work Is not proliibltlve, the engine lathe Is most frequently used, sev- 
eral well-known methods of generating the taper being possible on 
this machine, viz., setting over the tallatock to the correct angle, whea 
the work Is of such a nature ttiat It may t>e held on centers; using the 
compound rest with band feed; and using the taper attachment with . 
which nearly all modem lathes are equipped and which Is too well 
known to need description^ There are also occasional Instances where 
the lathe may be used for manufacturing work of this kind In large 
quantities, by means of special attachments, although this is nsuallr 
applicable to conditions requiring no other machining operations ex- 
cept the taper. As a general thing when the number of pieces is suf- 
flclently large to warrant It, the work is performed on the horizontal 
screw machine or turret lathe, the vertical turret lathe or the verti- 
cal boring mill. Many Ingenious schemes for generating tapers on 
these machines have been devised, the construction of a number of 
which will be described and illustrated In the following. 

Taper TumlnB' Devicee tor Bar Stock 
On turret lathes or screw machines equipped for bar work, there 
are various devices tor turning a taper on the bar. These tools are In 
many Instances patented, and may be purchased of the manufacturers. 
Obviously there are such a number of these that it is out of the ques- 
tion to attempt to describe each one. Detailed information may be 
easily obtained on request 

Uetbod ot glnlnhlng a Taiwr Hole without Oeneratlne the Taper 
Before taking up the subject of generating devices for taper work, 
let us first consider a method much used In turret lathe practice and 
one which may be depended upon to give very satisfactory result^ 
when absolute accuracy la not essential. When the tools are properly 
taken care of, good commercial work may be turned out by means of 
the tooling shown in Fig. I. It will be noted that all tbe tools used 
are piloted In a bushing located In the chuck. The first tool used, 
shown at A, Is a plain boring bar which serves to rough-bore the hole. 
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4 No. 121— TURNING AND BORING 

thereby producing an approximately true generated straiglit hole. The 
second tool A la a flnlsh-borlng bar which brings the hole to about the 
required size for the small end of the taper. The nest tool C, \a a 
roughing taper step reamer which removes the larger part of the 
stock left In the hole, and leaves the work In the form ol a series of 




tif. I. Tntoil Barlii( TooU ksd ■•WBan tor Iipsr BbIm 



grooves or steps with the angle of the correct Inclination. A rough- 
ing taper reamer D Is next used in a holder so made that the rear end 
of the reamer will float It will be noted that this reamer is straight 
fluted but that a left-hand spiral groove with about % Inch lead ts 
cut the entire length of the tool. This serves to break the chip and 
makes possible a much easier cutting action; there is also a tendency 
to prevent "pulling Id." The hole Is sized with another reamer of 
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TAPERED SURFACES 6 

the floating type B which mny be either atralght-fluted or made with 
a left-hand spiral at Ave to aeven degreea, depending on the angle of 
the taper. The method etaown here will not give as accurate results as 
mhy be obtained by generating the taper, but the sizing or the hole 
may be kept very nearly correct with little trouble, althongb alight 
variations In concentricity are bound to occur. One of the greatest 
objections to this manner of handling taper work la that the operator 




Fl*. >. Eatfoa Lath* Attwhmmt for tiralnc BmU • 

does not keep hla tools up properly, and .by being careless In regard 
to tbls matter, he leaves the reamers to do the most of the work and 
tbe results are therefore disastrous on account of the unequal wear 



Fig. 2 shows an attachment fltted to the engine lathe for the purpose 
of producing tbe proper angle (7 on the head casting A. In this case the 
work Is held in special Jaws B which grip the interior of the casting 
as shown In the upper part of the illustration. The croae-sllde is 

Ac 



6 No. 121— TURNING AND BORING 

equipped with a epecia] tool-bloch D In which the tool B Is held. The 
casting H was planed on Its under side to fit the inner ways of the 
lathe and was clamped In position by means ot straps not shown. 
Two steel plates K and L act as guides by which the proper taper Is 
formed. These plates are hardened and the edses of the slot were 
ground parallel after assembling, to insure accuracy. A bracket F. 
fastened to the crossislldc, carries a pivoted steel block O which travels 




In the slot, thereby controlling the movement of the carriage, and 
producing the desired taper. An oiler Af acts aa a gentle reminder 
that surtaces subject to friction are In occasional need of lubrication. 
The Inner surface of casting A was machined on the same lathe in 
another setting, another set of forming plates being applied to the 
casting H to produce the required taper. This method of handling 
gave very satisfactory results. 

A small brass cock, shown at A Id Pig, 3 is a good example of an 
outside generated taper. The stem of the cock B is held In the Bpedal 
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Jaws C of a two-Jawed chuck D, this being obvlouely screwed to the 
Bplndle of a small hand screw machine. The taper turning attachment 
la entirely self-contained, and Indexes with the turret The entire at- 
tachment Is made of steel with a shank S which fits the turret hole. 
The body E is carefully fitted on Its under side to obtain a bearing on 
the steel block Q which is fastened to the cross-sltde, This support is 
of considerable help in taking up vibration and thereby preventing 




Fl(. 1. Attutnut t 



chatter. The slide F tits a slot In the fixture which has been planed 
to the proper taper and the gib K acts as a take-up for wear. The cut- 
ting tool O is of rectangular section and accurately fits a slot in the 
front end of the taper slide. The headless set-screw H assists in 
setting the cut to obtain the proper diameter. A rack L is cut along 
one side of the slide and meshes with the pinion 7i, the shank P of 
which runs up througb the body of the fixture and is operated by the 
lever 0. A cover plate R is carefully fitted and keeps the parts tn 

glc 
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poBltloD. Tools of tbia type are much used on shirII braes work and 
the work accomplished by them Is excellent where very little stock is 
to be removed. They are built to generate a certain speclSed taper and 
can be used for uo other. 

The rather complicated Itttle attachment shown In Fig. 4 was built 
for a final flnishlng cut in the tAfieT hole D ol the motor-cycle flywheel 




A. In spite of the fact that the attachment itself Is inclined toward 
multiplicity of moving parts, Its action was so satisfactory that a 
duplicate order was received a few months after the original tool had 
been built It will be noted that the Jaws B of the three-Jawed chuck 
C grip the work on the inside of the flange, and hold It tar enough 
away from the chuck to penult back cutting on the hub and flange, 
thereby [lermlttlng the work to be flnlehed in one setting. The body 
of the attachment E Is made from a piece of round steel stock beveled 
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on the front end ROd with the shank F turned at Its rear end to the 
proper diameter to fit the turret hole. The taper elide O fits ad angu- 
lar slot cut in the body at the attachment and te reamed at ItB front 
end to receive the shank of the cuttUtE tool N. This tool is forged to 
the shape shown and Is carefully ground to gage. As the amount of 
metal which this tool removes Is very alight, it requires regrlndlng 
only at long intervals. A headless aet-acrew T secures It In position. 
The bell-crank K is pivoted at M and the hardened steel rollers L and 
U are located at the two ends. The roller at the forward end operates 
at the slide by its action in the slot H, while the roller at the other 
end enters another slot in the operating pin P. A teat screw V enters 
the spline W cut In the under side of the operating pfn, thereby pr»- 
Tentlng it from turning. The small knurled handwbeel R contains a 
little finger handle 8 which la used to revolve the screw Q. The rod 
F Is tapped out to receive this screw, and obviously la moved forward 
or backward by its action, the motion being carried forward through 
the bell-crank to the operating allde. 

Turret Lathe Taper Attachment tor th« Bnd of an Auto Platan 

The automobile piston shown at A In Pig. G has been finished on the 
outside but the end has not been formed to the required taper. It Is 
held in a special spring chuck B which Is closed in on the end by the 
tapered screw collar C. In this instance there were several conical 
headed pistons to be taken care of, the angle of the cone varying 
slightly In each case. The turret lathe selected for use in this opera- 
tion was of a standard make, and the longitudinal movement of the 
cut-off slide was controlled by the screw R engaged with the nut 7 
on the under side of the slide. This screw was operated by a hand- 
wheel and was not coupled up with the feed mechanism. It was used 
principally to move the slide back and forth along the ways to any de- 
sired location. It will be seen that In this instance any sort of float- 
ing action In a longitudinal direction was out of the question and It 
was therefore necessary to design a special tool block D having a dove- 
tall slide F and an extension H. at the end of which the hardened and 
ground steel block L was located, pivoting on the screw pin E. A 
swivel block containing two parallel plates ?/ and M may be swung on 
the shouldered screw 17. to suit the various angles. The curbed slot 8 
permits the necessary movement, white the binder T secures it firmly. 
The swivel la mounted on the bracket 0, which Is glbbed to the ways 
in such a way that It may be moved to any desired location. When the 
attachment is used the cut-off slide cross-feed Is thrown into gear 
and the angularity of the swivel block determines the movement of the 
tool E. As a point In design, attention Is called to the way In which 
the tool block Is carried over the edge of the slide at P, for the pur- 
pose of obtaining rigidity and preventing any chance of side slip. The 
writer knows of a number of Instances where attachments of this kind 
have been used with very gratifying results. 

The bevel gear shown at B In Fig. 6 Is held In the three-Jawed chuck 
at C. by means of soft Jaws, and the tools M and N are used tor rough- 
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log and flnlahing the face of the gear, the Bpaclng of the tools being 
such that the finishing tool takes up the work as soon as the roughing 
tool has completed Its cut. ThlB entire mechanlam Is special. 

The carriage S Is gtbbed to the ways In the ueual manner and npoa 
this carriage Is mounted the swivel slide arrangement D. This elide 
may be swung to any angle within Its range and secureljr fastened. It 
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will be noted that the feed-screw P meshes with the wormwheel Q, 
and the movement Is transferred through the spur gears T and R to 
the shaft E. At the Inner end of this shaft the pinion (7 meshea with 
the bevel gear H on the upper end of which Is the spur gear F. This 
spur gear engages the rack E cut along the Inner side of the slide, 
thus giving the necessary feed movement. The tool block L Is held In 
place by screws which pass down through It Into steel shoes la the 
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TaiMr Attaotunent for a Borel Pinion 
Tbe b«rel pinion X shown In tbe lower portion ot the lUuBtratlon 
Fig. T has be«n bored with a taper hole and tbe back side faced In a 
prevlouB operatlau. A keyway Y baa also been cut for driving pur- 
poses. Tbe equipment abowa was designed for a large factoiy manu- 



Fic. 7. Tmper Attubmsnt for mublnlnc ft BeTll PiBlra 

facturing bevel gears and plnlone and tbe taper turning device shown 
is so arranged that It may be used for a variety of angles. A number 
of taper bars aucb as that shown In detail In tbe upper part of the 
illustration were made to suit the different conditions. 

Tbe spindle oose-plece W contains a tool-steel arbor pilot supported 
at 7 in the fixture bushing, Tbe nut Z Is simply used to release the 
work after the machinlnE operation has been performed. A cast-iron 
adapter L la screwed to tbe turret face, and on this is mounted the 
body of the fixture M. Tbe cutting tool B Is held in the sliding tool 
block A, which Is scraped to a nice sliding fit, and has a taper glo pro- 
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vlded for adJuBtment A tool-eteel block F is pivoted to the back of 
the slide on the pin O. allowing It to adapt itBelt to the angle cut on 
the taper bar. Referring to the upper view It may be seen that the 
plate B forma a cover tor the open elde of the fixture, and that It 
contains the long hose T which holds the spring E. This spring 
tbruBts against the end of the screw D. The bracket C Is fastened to 




Flff. S. Extarlor knd Intwior Ttper Tunilnr Dflffoa 

the top of the allde and Is tapped out to allow adjustment of the 
spring by means of the screw. A bracket is fastened to the spindle 
cap and contains a bronze bushing which acts as a guide for the pilot 
A'. The atop screw P is used for longitudinal adjustment of the taper 
bar H. The lever K Is used to force the taper bar forward by means 
of the rocker J. The stud Q is slotted to receive the forward end of 
the taper bar, and when this has been brought forward by the lever 
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ustll It etrtbes the end of the screw J> the binder lever B prevents any 
backward movement of the bar. The adaptability of this attachment 
for various t&pere Is one of the good points of Its design and the re- 
■ulta obtained by Its use are rapid and thorouKhly BatlBfactoTy. 

The device shown In Fig. 8 1b adapted for use on a turret lathe hav- 
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ing a flat surface Instead of the usual box-ehaped construction. A 
taper bar Is used In this Instance also, which Is cut away at M to 
the desired taper. The attachment may be arranged for either Inside 
or outside tapers, but It is shown in this Instance at work on the 
Olutch taper of the piece A, this being held by the inside in the chuck 
Jaws B. The bed or body of tbe nxture E is fastened to the face of 
tbe turret and is dovetailed to receive the slide H. A lug 8 on the 
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under aide of thia slide receives the tbruflt of the spring R (shown In 
the end view section). A screw P forms an ftdjustment for the com- 
presBloQ of this spring through the collar Q which Is made removable 
and can be transferred to the other end of tbe rod at J, when It Is de- 
sired to use the attachment for outside tapers. The roll is fastened 
to tlie slide and Its contact with the t^er bar produces tbe required 
taper. The tool-holder JJ Is split along tbe side at F and Is bored at 
E to receive tie shank of the tool bar i>. The hinder screw a Is used 
for damping. A cast-Iron cover plate L Is fitted so that the pads 
shown on Its under side allow free movement to the passage of the 
bar. The bracket N Is fastened to a pad on the side of the bed and Is 
cut away at the top to the proper height so that tbe taper bar 3f will 
rest upon It It Is clamped In position by the binder shown. In order 
to prevent any chance for retrograde action. This attachment has been 
very succeBsfuI and Is adapted to a wide range <jf casting work. 

Attscbm«nta for Tertlcal Turret Iiathe and Vertical Borinir UllI 
Fig. 9 shows the simplest ut conditions which are met with In verti- 
cal turret lathe practice, and the method of handling requires no 
special attachments, the swivel slide of the main bead being sufflclent 
to take care of the taper boring, the hole being flnally reamed to size by 
a floating taper reamer. The work A le a caflt-lron bub and It Is held 
In tbe special Jaws B. Tbe work Is centered by the ateel inserted Jaws 
D and the set-screws C are simply used to prevent vibration. The 
roughing bar E Is first used to generate tbe taper and It Is followed by 
tbe finishing bar F. Then the rough- and finish-facing tools O and H 
face the work, after which the floating taper reamer K la used to slse 
the bole. It will be noted that the upper end of the reamer is flattened 
and eaters a slot In the holder /, the pin M acting as a driver and the 
slot L allowing lateral movement 

Bpedal a«Brlnff used to produce Tai>ers 

Tbe arrangement shown In Fig. 10 Is not adapted to all conditions 

but may be used when the required angle Is not too acute to permit 

the use of tbe proper gear ratio. A piece of work such as that 

shown at A may be bandied to advantage by this method. 

The strap L Is slotted at 3f to receive stud iS, which acts a? a sup- 
port for the Idle spur gear N. The lower apur gear is keyed to the 
shaft while the upper gear F 1b thrown into use by the clutcb 
mechanism Q, by the action of the knurled screw if. Obviously the 
gear ratios between P and must be so proportioned that the com- 
bination of tbe borizontal and vertical feed movements will produce 
the required angle. Attention 1b called to the fact that the power 
feed worm H Is thrown Into mesh with the gear J on the borliontal 
feed-screw G when the attachment Is to be used, but It will be seen 
that the operation of tbe feed works is not disturbed by the arrange- 
ment shown, the gear P running Idle unless the clutcb is thrown In. 

Tbe work A in the Instance shown Is held by straps C on tbe special 
fixture body B. The tool D Is held In the tool-bolder E and follows the 
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angle generated by the gearing. Wben It Is required to prodnce an 
angle eucb that spur gearing cannot be obtained to give the exact 
taper, the neareet gears obtainable may be used, and the awlTel slide 
of tbe main head can be set over to compensate for the variation In 
the gearing. 

Fig. 11 shows a method of setting up a vertical turret latbe tor a 
rush Job, consisting ot a few caet-lroo male clutch membere shown at 




A. The work la held by the Jaws B on the inside of the rim and the 
tool C Is held in the side head turret, A steel plate F cut to the 
required tanier Is held In the toolpost O In the main head turret. A 
roll bolder D Is fastened In the upper side of the side head turret 
and the roller E comes In contact with the tapered plate and thereby 
coatrolB the movement of the tool. A flat angular sweep tool H Is 
used for finishing the work. In using this arrangement It Is only 
' to lock the main head turret In the proper position and 
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bring the roll E against the forming plate. After tbia tbe down feed 
of the side head is thrown in and the roll crowded agalnet the plate 
by the traneTerse feed crank on the apron. This method Is very good 
for a abort Job and the machine may be quickly set up. Several roll 
holders of this kind will be found useful adjuncts to the tool equip- 
ment of the vertical turret lathe. 

Another instance of a short rush Job Is ahown In ng. 12, the work A. 
in this Instance being held by the inside In the chnck Jawa B. The 




tool C is held in the aide head turret and la forced down the angle 
by the contact of the angular plate D with the roll E. The shank F 
which balds this roll is secured In the tool-holder O, in one of the 
side boles in the main head turret When tbts arrangement is used 
tbe transverse feed of the side bead is thrown la and the plate D 
crowded against the roll by means of the vertical feed crank on tbe 
side bead apron. It will be readily understood that this arrangement 
and that shown in Pig. 11 are not to be considered In the light of 
attachments for taper turning, but they are given as instances of 
methods which may be used for short Jobs, where no taper attachment 
is available. It la evident that tliese methods tie up the main bead 
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and prevent Its use for cutting purposes while the taper Is being 
formed. As this naturalljr Increases the cutting time necessarr to 
produce the work, the use at such an arrangement ia advised only In 
cases where a few pieces are to be machined. 

Anffular Taper Attachment tor Crowning Pullers 

Fig. 13 Is an arrangement which Is used where a double angle Is 

required, euch as the crowned portion of the pulley A. In this case 




He. IS. Smtttaaj Tip 



' AttuluMBt far TnUcal Tomt Latha 11 



a set of special jaws B grip the work on the Inside bead In the T-shape 
part of the Jaw. The movement of the tool C Is controlled by the 
forming plate E, which U cut to produce the angular movement re- 
qnlred. This plate Is fastened at each end to the bars F and L. and 
these bars are, In turn, secured In the upper and lower brackets K 
and If. The upper boss O Is spilt and the binding screw H pinches 
the bar and holds It In the desired position vertically. The arrange- 
ment of the lower bracket Is on the same principle. Both the upper 
and lower brackets are fastened to pads on the bed of the machine. 
When this attachment Is used the T-sIot D Is cut along the entire 
length of the side head slide so that the T-stud which carries the 
roller N, may be adjusted for various diameters. 
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Swivel Side Head Vonaing Attacbment for Ibe Vertical Turret Latbe 
Fig. 14 representB an attachment made by the Bullard Machine Tool 
Co., Bridgeport, Conn., for the Bullard turret lathe. The work shown 
in this instance at J. is a large bevel gear which Is held by the previ- 
ously bored interior surface In the soft Jaws B. The tool C, in Its 
angular movement ie controlled by the inclination of the slot D in the 
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circular swivel plate. This plate Is graduated in degrees around its 
UDj>er edge so that any angle may be easily obtained. The clamps F 
and O secure It in position after the setting has been made. The 
disk containing the slot Is mounted on the plate H which Is of circular 
section at the center to allow free access to the roll and block E. Aa 
in the previous Instance a T-siot L la cut along the entire length of the' 
side bead slide, thereby permitting various diameters to be ma- 
chined. The bars O and P are secured in the brackets K and Q by 
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the binders JV and M, these brackets being secured to the bed ol the 
machine. This attachment la adapted and may be used for many 
TarletleB or work and the results obtained are uniformly satlefactory. 
The device shown In Fig. IS la also made by the Bullard Machine 
Tool Co., and Is adapted to both angular and formed work, and there- 
fore Is more comprehensive In Its uses than that shown In Fig. 14. 
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The piece A, held In the soft jaws B, is the same as that previously 
shown. The principles In the design of this attachment are Just op- 
posite to those of the other, for In this case the roller P is located in 
the slotted plate and may be quickly removed through either of the 
end holes R, so that the side head may be used for straight work dur- 
ing the same setting of the piece, without much trouble Ih preparation. 
The plate H Is fastened to the rods F and S and vertical adjustment 
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Is obtained by sliding up or down. The binding screwe E and T secure 
It In the desired Tertlcal position. A T-slot F Is cut along the entire 
length of the aide bead slide and a cast adapting plate is secured in 
It b; means of T-bolta. The angular plate M Is screwed and doweled to 
the ad^ter. The brackets K and L are fastened to the side head 
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down slide and are fitted to the edges of the plate B, In order to avoid 
any bending action wblcb might be produced by the pressure agaiast 
the roller P. The brackets D and Q are similar to those used In the 
former case. 

Angular Tormlas Attachmeot tor a Vertical BorlnB' Mill 

The work A. shown Id Pig. 16 Is a male taper clutch member, and 

the machine upon which the work is to be done Is a vertical boring 
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mill with a turret bead. The piece le held by the inside In the Jaws 
B and tbe tool C forms the taper. In order to permit lateral motion 
a special nnt was required for tbe horlsontal feed shaft £. This nut 
Is not shown in the Illustration but was made somewhat on the princi- 
ple of a lathe feed shaft nut so that it could be coupled and uncoupled 
r^ldly. A special bracket D was fastened to the rail to tbe left ot 
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the turret slide and the forming plate B was fastened to it. A special 
bracket G was fastened to the turret slide and served as a support 
for the roller F. In use the vertical feed shaft H is thrown into gear 
and the turret allowed to float laterally as controlled by tbe forming 
plate E. When the other turret tools were to be used, the roller P 
was removed and the horizontal feed shaft nut recoupled. The action 
of this devica was very satisfactory. 

A very acute angle was to be produced on the work shown at A in 
Fig- l"? and a vertical boring mill was used to perform the operation 
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Btaown, The work la held bj the outside by the special Jaws B; the 
tool G Ib used to pertorm the work. Two brackets D and E are bolted 
to the rails, one on each side of the turret slide snd the cast-Iron plat« 
a Is used to connect them and form a support for the cam ptate F. 
A portion of the turret slide Is machined off to permit the attachment 
of the roller bracket if. This bracket 1b slotted with a T-filot and 
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the roller E mounted on a T-stud may be readily adjusted In it In 
using this attachment It Is only necessary to throw in the horizontal 
feed shaft gears and keep a downward pressure by hand on the cam 
plate F, by means of the handwheel on the end of the shaft M. 

The various forms of taper attachments and devices which have 
been mentioned in this chapter cover nearly every variety of work and 
may be adapted to nearly any form of taper requirements that may be 
met with In the course of general manufacturing. 
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UAOHmiNa- OONVBX AND OONOAVE SURFAOBS 

Tbe macblnlng; of convex and concave Burfacea la a problem wUcb 
frequently confronts tbe mechanic, and Its solution may be required 
under a great variety of conditions. Even the sUe of tbe work to be 
machined Is a controlling factor, aa It determlnea to a certain extent 
the type of machine to be used. For example, tbe small ateel cup 
washer shown In the upper part of Fig. 1 would naturally be machined 
on an engine lathe or 
turret latbe of the 
borlzontal type, while 
the huge ball pipe Joint 
in the lower part of the 
Illustration would pre- 
ferably be handled on 
some type of vertical 




boring 

manufacturing propo- 
sition may be neceaaary 
where one thousand or 
more plecea are to be 
handled, or It may be 
that only one piece Is 
required. The work 

convex. In a plane per- 
pendicular to tbe center 
of rotation, or It may 
be parallel with it and 
either Internal or ex- 
ternal. As the conditions goTeralng the handling of work of this 
nature are so varied, and as the pieces themselves are of such widely 
different forma. It la very evident that we must consider several types 
of machlnea to which the forming devices may be attached. Tbe con- 
struction of these devices must be adapted to the class of machine on 
which they are to be used, and this naturally Inftuences the design of 
tbe attachments. The reader's attention Is called to a tew Important 
points along these lines. 

Important Points In Deelffn 
1. Whenever possible the attachment should be so designed that 
tbe form will be generated radially, ao that the same portion of the 
tool win do the cutting at all times. 
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2. Tit to use etock Bizea of eteel tor the cutting tools bo that re- 
placementG can be made easily. 

3. See tbat the tool does not overhang too much, and that it 1b well 
supported and rigidly held. Care should also be taken that moving 
portions of the tool-holder or slide are of generous proportions and 
posseBS means of adjustment tor wear. 

i. Q«nerate the curve by means of the machine alone, whenever 
possible, BO that errors In the contour may not be occasioned by the 
failure of the operator to keep a certain roll or stud in contact with 
the forming plate. 

&. When the attachment is of the type requiring the use of a roll 
and forming plate, it is esBentlal to so arrange the plate that it will 
act as a guard against the tool being forced away from the work. 
That is, the action of the roll againat the plate should be in the direc- 
tion tending to carry the tool Into the work, ao that the thrust ot the 
cut will always assist In keeping a positive contact between the roll 
and the plate. Counterweights or springs should also be used to 
obviate any tendency to draw in. 

e. Economy in operating expenee and the first cost of the attach- 
ment should also be considered, while the dllTerence in workmen's 
rating Ib also a factor which should not be overlooked. 

RftillTifl Tumlnff on the Bntflne Lathe 
When concave or convex turning or boring la required on only one 
or two pieces, or, In cases where It is not practicable to .combine the 
radial work with other operatlonB, the engine lathe may be adapted 
to a great variety of conditions. In manufacturing, It may occasional- 
ly be used to advantage, especially la caseB when the length of time 
required to do work is sufficient to permit one man to run two ma- 
chines. 

Fig. 2 shows the simplest kind of a forming attachment for convex 
work, which Is adapted to the engine lathe. The work A is held by 
the inside in the chuck jaws M. The bracket H is screwed to the 
top of the crosB-Bllde and carries, at its outer end, the tool-steel hard- 
ened and ground roller K, held In place by the screw L. The tall- 
stock spindle D receives the holder E In which the plate (? is inserted 
and secured by the two screws F. This plate is formed to the proper 
radius and Is of tool steel unhardened. The cutting tool B Is held in 
place In the regular toolpoat C. The form of the cutting end of this 
is Important as It must be formed to a perfect radius, in order that 
the cutting action may be uniform. In operating this attachment, the 
cross feed-screw is thrown into engagement, and the operator Is re- 
quired to force the roll K against the forming plate by means of the 
handwheel controlling the longitudinal feed of the carriage. An at- 
tachment of this sort requires the entire attention of the operator and,' 
therefore, variations are liable to occur Id the contour of the work, 
due to Imperfect contact between the roll and plate; hence It Is a 
very poor attachment to use If there are many pieces to be machined. 
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Platan Orownlufr AttadunoDt tor tbe Lattw 
Tlie BrranKement sbown In Fig. 3 waa naed for manufacturing in 
large quantities, and four latheB were equipped In this manner and 
required the aervlcea of two men to operate them. The piston A was 
located on a special draw-back chuck, on the steel locating ring D, and 
waa drawn back firmly by the rod O acting on the pin B through the 
wrlst-pln holes. A cast-iron bracket E Is bolted onto the carriage of 
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the lathe and Is slotted at a. A caet-Bteel bracket H terminates at Its 
upper end In the tool-block £ which Is dovetailed at if aa shown In 
the plan Tlew. The stud F Is tee-shaped at Its lower end to fit the 
alot In the bracket E. A steel block Is screwed to the top of the cross- 
slide P, and Is shouldered at N to flt the upper block In which the 
dovetailed tool-block E slides. The screw O simply holds the units 
together. A steel plate Q contains the two screws A and 8 which 
aecurely hold the tool L. In operating this device, the cross feed- 
screw la simply thrown Into engagement and Its forward action causes 
the tool to swing radially at the desired distance from the center F, 
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thus developing a spherical surface. This deTlce was comparatiTelj' 
Inexpensive and the results obtained by its use were very satisfactory. 

Oonoava Turnlus vltb a Oompound Beat 
A very simple device which may be used when one or two pieces 
only are required Is shown In Fig. 4, but the radius which can be 
generated by this method is limited by the size of the compound reek 
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The work A le held by the outside in chuclc Jaws, and the tool C gen- ■ 
eratea a radius equal to the distance from the end of the tool to the 
center of the swivel. The socket O is placed in the tailstock spindle 
and the overhanging end contains the round head pin H. The bar 
D is cup-ahaped at E- and F and bears against the end of the com- 
pound rest ecrew at E, white the other end engages the button at F, 
In using this arrangement, the hotdlng-down gibs or straps of the 
compound rest swivel are set up to .produce considerable friction, and 
the tailstock spindle is fed forward by hand, thus causing the com- 
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pound rest to awing on Ita own center, tberebr generating the desired 
radios. It la obvloua that the carriage gibs must be tightened to 
prevent any longitudinal movemenL 

Badlua B^ for Oonoave Tumlnir 

A very simple arrangement for the engine lathe la shown In Fig. 5. 

The work A Is held by the outside In chuck Jawa and the round nose 
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tool B 1b used to generate the concave surface. The tool la held In the 
ordinary manner In the toolpost C on the cross^Ude of the lathe. A 
slotted holder K la tapered on Its rear end to fit the tallstock spindle 
A and Is Blotted to receive the flat steel radius-bar O which Is held 
in position by means of the shoulder screw H. The stud F enters 
the tool slot of the croas-sllde and serves as a pivot for the forward 
end of the radlas-bar. This bar is made of the correct length to 
generate the desired radius. As in a previous Instance, tha cutting 
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end of tbo tool B must be ground to a perlect radius. The arrange- 
roent shown here Is a very simple one and may be used for various 
pieces or work by the subBtltutlon of a bar of the proper radius. 
Pullsr Orownlnc Attaoliiuent for ibe Bnglne Latbe 
Fig. 6 lUustrateH an arrangement that was applied to an old-Btyle 
Pratt ft Whitney lathe which bad, at one time, been equipped with a 
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taper attachment The arrangemeat shown was specially designed 
for crowning pulleys which previously had been "chucked." faced 
and rough-turned straight on the periphery. A keyway had also been 
cut through the bub. A special arbor D was held ou centers In a 
lathe, the dog E acting as a driver In the special faceplate F. The pul- 
leys were put on the arbor until the face of the bub came up against the 
shoulder Ji. the spacer / being interpoaed between the two hubs. The 
cast-Iron driving plate E was then put on, followed by the washer M. 
The nut L was then used to tighten the pieces In position. The drlv- 
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lug bar O was used In order to prevent vibration which would other- 
wise be troublesome due to the thin flange of the pulleys. The two 
round-nosed tools B were mounted on the tool-ollde C and held In the 
ordinary manner. A steel plate Y was bolted to the end of the elide 
and overhung sufQciently to permit the bar X to pass through it. This 
bar passed completely through the carriage and was a sliding fit ia 
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It. The stud Q passed through the bar and formed a bearing for 
the roller R. The cast-iron bracket N was fastened to the rear of the 
carriage and was tapped at Its outer end to receive the screw 0. 
which was used for adjusting the compression of the spring P. This 
spring woe of square section ^ Inch In size and served to keep the 
roll In contact with the cam-plate S. Two brackets V and the plate V 
were a part of the taper attachment with which the lathe was orlg- 
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Inall7 equipped. Tbe dovetail plate T served as an adjustable support 
tor the cam-plate S and It was beld In Its proper location by tbe 
screws If. The upper view in tbe Illustration Is partially broken away 
to show tbe roll R in position against the cam-plate. The operation 
ot this attachment is obvious and It Is only necessary to state that 
its action was very satisfactory. 

Fig. 7 shows a rather peculiar attachment for turning the convex 
surface on the cast-iron head-ptece shown at A. Tbe deylce Is applied 
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to the engine lathe, and its construction is such that, by the sub- 
stitution of various lengths of radius-rods. It may be used for an 
inllnlte number of radii. Tbe cutting tool B is held In the toolpost 
In tbe ordinary manner and the longitudinal feed-screw Is left free 
so that tbe carriage R may be perfectly Independent The bracket F 
is secured to the Inner ways of the lathe so that it is absolutely pre- 
vented from moving. This bracket is dovetailed along Its upper face 
and the slide G Is mounted upon It. A tool-steel stud E is screwed 
Into tbe side of the cross-elide and enters the bushing E which is 
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contained in the bracket slide O. This bueblng is eccentric and Is 
split along one side thus permitting a slight adjustment to com- 
pensate tor wear. The binding screw J holds It rigidly after setting. 
The tie-rod L connects the carriage R with a special bracket Q at the 
rear end ol the lathe, this bracket taking the place of the regular 
tallstock, and being glbbed to the ways In such a manner that it la 




free to slide longitudinally. The tie-rod Is held In place by the screws 
7f and M. The radius-rod E Is made from a piece of flat steel and 
swings on the two screws O and P, located in the bracket slide and 
the tallstock substitute respectively. In the operation of this mechan- 
ism, the cross feed-screw is thrown into mesh and the slide D movea 
forward carrying with it the bracket slide O to which the radius-rod 
Is attached. As the bracket F cannot move longitudinally, it is evi- 
dent that the tallstock substitute Q will be forced backward by the 
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radluB-rod and will carry with it the entire carriage and cross-stlde. 
Uiereby generatlus the desired radius. 

Ball-turaliw DWTloe lor the Horiscmtal Turret Lathe 
We now come to a somewhat more pretentious device designed for 
the horizontal turret lathe for the purpose of generating the spherical 
tiortlon of the steel pipe joint shown at A In Fig. S. ThU work la 
held In chuck Jaws at C, the supplementary screws B being used in 
the outer ends ol the Jaws to assist in supporting the work. The 
regular turret lathe cross-elide and carriage are removed and the 
special slide F Is substituted. It la glbbed firmly to the ways In 
the dealred position by the gibs a. Directly under the center line of 
the spindle, a large circular recess Is bored to receive the swivel H, 
and circular rim J Is dovetailed so that the outer end of the swivel 
may be glbbed at £ to insure rigidity. The two screws L hold the 
gib. The slide W Is dovetailed and has an adjustment for diameters, 
controlled by the handwheel M. The roughing and flnlahing tools D 
and E are held in the indexing toolpost X, the tools being secured by 
the screws O. The Index location la Insured by means of the pin P 
entering a hole directly underneath It in the slide, and the other index 
position is determined by the hole Q. The binder N locks it rigidly. 
At the right of the swivel the lug R Is built out to receive the pivot 
screw j8, on which the forward end of the radius-arm T is fastened. 
A bracket V Is bolted to the face of the turret and carries the screw U 
which supports the other end of the radlus-arm. 

In the operation of this device, the turret longitudinal feed is used 
while the roughing tool D removes the scale from the casting. The 
toolpost la then Indexed and the finishing tool E completes the work. 
This attachment gave very good results and was satisfactory In every 
respect There are several points in the construction of this device 
to which attention should be directed. One of the points la the turret 
toolpost by means of which the tools always remain set, so that the 
diameters are easily held to size. Another point is the dovetail gib- 
blng of the outer portion of the swivel. This method does away 
with all possibility of chatter, providing the gib Is kept tight An- 
other advantage Is the adjustment for various diameters by means 
of the slide W which la mounted on the swivel. 

Turret Lathe Attaohmrat for Orownluff a Piston Head 
The attachment la Fig. 9 Is part of an equipment of tools for flnish- 
Ing the piston ±. the work being held by the Inside on a special chuck 
B, which Is screwed onto the end of the spindle. There are turning 
tools fastened to the turret which are In action simultaneously with 
the attachment shown. These are not shown In the llluatratlon. as 
they have nothing to do with the radius attachment A special steel 
cross-slide la mounted on the carriage In place of the regular slide, 
and the overhanging portion O carries a tool-block M In which the 
grooving tools for the piston are mounted. A special bracket D is 
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flnnly gibbed to the wa^a and secured by the screws L. The tool- 
steel (ormlng plates H and i' are screwed to this bracket and doweled 
in posltloo. The plate F also acts as a strap tor the overhanglns 
portion at the croas-alide at H. A hardened aod ground tool-steel 
roller J Is pivoted on the stud K, and controls the form ol the crown 
by Its contact with the plate F. The other plate E only acts as a 
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guard. The radius forming slide Is dovetailed at N and passes through 
under the tool-block. It carries a tool O mounted In the tool-holder 8. 
A BupportlDg pad P Is provided on the cross-slide directly under the 
tool-holder and serves to prevent vibration. A heavy coll spring R 
Is used to Insure proper contact ot the roll with the cam-plate. The 
necessary adjustment la obtained by means of the screw Q. A brass 
tube T protects the spring from chips and dirt which might other- 
wise Impair Us actioa. 
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This attacbment waa built for a large manufacturing plant In the 
East, and proved very satisfactory. It is deelgned so that all the 
tools can work at the same time. In building the attachment, it was 
found necesBarj to flt the dovetail slldea.and other movinK portioOE, 
after the tool-blocks were put In place, and the toole clamped In posi- 
tion. This was unavoidable because of the clamping strains, as these 
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caused a certain amount of distortion, making it necessary to do the 
flttlng after the tool-blocks were In poaltton. 

BadlUB Borlnir Attachment tor a Horisoutal Turret Lathe 
The device tor generating the Internal radial seat In the brass 
casting A, shown In Fig. 10, la somewhat out of the ordinary, and in 
addition to thla, it is comparatively Inexpensive. P'm'thermore, it Is 
practically a Belf-contalned unit, and requires no special fitting or 
attachments to the machine. 
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The eteel bar P U held in the turret by the shank O and Is secured 
In place by the turret binder. The bar is slotted completely through 
to receive the swivel arm D which Is a maAlnery steel forging gronnd 
on two sides to fit the slot The forward end of this swivel arm car- 
ries the tool C which Is set at the proper distance from the screw R to 
produce the desired radius. At the end of the bar, a mill cut Is made 
at E In order to permit access to the screws which hold the tool in 
position. The steel filler blacks F and Q are put In to give additional 
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rigidity to the end of the bar. The flat spring 8 Is simply used to pre- 
vent back-lasb In the swivel arm. The operating link E enters a slot 
in the end of the swivel arm and Is held by the pin T. A special steel 
block a is fastened to the cross^llde and the knurled screw-pin V 
couples the end of the link to the slide. The tool B Is used In connec- 
tion with the attachment for fecinK the end of the work. 

In operation, the croas-Bllde feed-screw Is engaged and the radius 
nicely generated by the radial action of the arm. Ab aoon as this 
operation baa been completed, the knurled screw M is rapidly removed 
and the link E. swung over into the slot J where It is held by the 
flat spring E. The cut L allows the fingers to grasp the link when the 
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radial attaclunent is again put Into use. This attachment taaa many 
good polnta, the only Eierioua draw-back being tbat there le a alight 
tendency to chatter when tbe cut Is excessive. 

Badlus Boiiag Bar tor the Vertloal Turret Lathe 

Tbe device shown In Fig. 11 was designed for use on the Tertlcal 

turret lathe, and was used In connection with other tools in the main 

and side beads for the purpose of boring the radial portions of the 

automobile cmnk-caae coTer bracket shown at A In the lllustratton. 
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The work Is held on a locating fl:iture upon three pins V and Is clamped 
by means of the straps V. Only a part of the work Is shown, aa the 
piece iB somewhat large, and the other portions have nothing to do 
with the radial boring. Tbe Qxture Is held to the table by three tee- 
bolts W and it is centered by the steel bushing 8, which also acta as 
a guide (or the stem of the boring-bar R. This bar Is slotted out at 
Ita lower end to receive the swivel block H, which carries the tools L 
and M for rough-boring the radius. The block swings on the pin K. 
when forced to do so by the downward action of the operating arm E. 
The two cutting tools are backed up and adjusted by means of the 
screws If and O. and they are held flnnly In position by the set-screws 
P and Q. The bar B is slotted out to receive tbe tongue F on tbe 
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operating arm, and the lower end of this arm contains a pin which 
works In a slot at G In the upper portion of the swivel tool-block. The 
steel piece D is held In the side bead turret and engages a groove in 
the upper part of the operating arm. 

The finishing bar O Is of the same general construction as the 
roughing bar except that onljr one tool Is used for flnishlng, instead of 
the two shown In the roughing bar. It is veil to note that the use of 
two tools in roughing practically redncea the roughing time one-half, 
it being only aecessary to cut half way with each tool, as one comes 
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up from the bottom while the other la coming down, so that the two 
cuts meet at the center. In operation, the down feed of the aide-head 
turret 1b started, thus providing the necessary power for operating tbe 
device. This scheme gave very satisfactory results as far as accuracy 
Is concerned, but as the mechanism was confined in a small space, the 
size of the tools could not be made large enough to properly conduct 
away tbe heat generated in boring. 

Convex Turnlns' Device tor a DUHoult Piece at Work 
Fig. 12 shows a device for convex turning. Tbe Jack-shaft tube 
bracket A has been previously machined at its lower end and is lo- 
cated for this setting by the finished surfaces A special flxture la 
bolted to the table of the vertical turret lathe, by the three tefrbolts 
L. and it is firmly secured by the strapa IS. The stud H serves to center 
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tbe fixture on the table, while the bushing K acta as a guide for the 
end of the bar. The radial surface B Is to be machined at this setting, 
and it will be noted that it Is somewhat confined. The generating bar 
£ iB a 0.40 carbon steel forging, and the piloted end la carboDlzed, 
hardened and ground to -a rnnnlng fit in the bushing K. The project- 
ing portion Q of the bar fs of rectangular section and la slotted to re- 
ceive the swinging arm J, which Is pivoted on the pfn F. This pin 
la equl-dlstant from the end of the cutting tool G and the center of the 
pin £. A hardened and ground tool^ateel roller B revolves upon the 
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latter, and Is kept In contact with the forming plate C by means of 
the spring P, which la very Btltt. Adjustment is provided through the 
screw 0. 

In operating thiB device, the turret down feed Is used and the side- 
head turret Is locked in the proper relation to the cutting tool, to pro- 
duce the radius at the correct height on the casting. For the finishing 
cut. the ronghing tool Q 1b removed and a finishing tool substituted. 
A special screw B. having a large head against which the ends of the 
tools bear, makes this comparatively easy. The work can be turned 
closer to size If two roughing tools and a finisher are used, leaving 
only about 0.010 Inch for tbe Unal cut A defect in this Hxture is that 
the thrust of the cut has a tendency to force the roll away from the 
cam-plate, and the action of tbe spring Is sometimes Insufficient to «ii- 
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tfrely overcoroe tbls. Had It been possible to design this attachment 
In Buch a way that the thrust o( the cut would slmpl; liold the roll 
more flrmly against the forming plate, its action would bsve been more 
positive. The resulta obtained were sufficiently close, however, to 
conform to the required limits of accuracy, and it may therefore 
be stated that Its work was satisfactory. 

Oonvex Porniiwr Attachmaiit lor the Vartloal Turret liathe 

A simple arrangement for the vertical turret lathe which permits 

the simultaneous use of both the main head and side heads. Is shown 
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In Fig. 13, The work A 1b a tractor pulley of large size. This is held 
by the inside, in the jawa C which are mounted on the raising blocks 
D. The boring-bar shown may be used If desired, while the radius 
turning Is taking place, as the radius attachment does not Interfere 
in any way with the movements of the main head. The construction 
of this device Is extremely simple and the results obtained by Its use 
are very satisfactory. The upper and lower brackets B and N are 
attached to the bed of the machine and carry the rods K and M. which 
support the forming \>\&ie F. This plate Is cut at O to the desired 
radius, and the tool-steel roller H travels along the slot and forces the 
tool E. which is held In the side-head turret, to take a similar patl 
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thereby producing tbe convex aurf&ce on the rim of the pulley. A tee- 
slot J la cut along the entire length of the elde-head slide, and tbe 
roll H Is fastened to a special bolt which can be adjusted to any po- 
sition in the slot. Tbe formlug plate ts also adjustable vertically, by 
BlidlDg the rods up or down lu the brackets. 

81d«-be(td AttAobmoBt ualng a BMUub Bar 
Another method for crowning the outside of a t 
in F^g. 14, a radius-bar being used in this caae U 



actor pulley is shown 
generate tbe desired 
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curve. The work A is held, as In the previous instance, by the Jaws 
C on the raising blocks D. The same brackets are also employed, but 
the plate F Is not used for forming. It is slotted at G for adjustment 
only and a special screw or stud H is used In the slot as a pivot lor 
the radius-bar Q. A tee-slot J U cut along the entire length of the 
side-head slide and receives a special stud P, to which the otber end 
ot the radluB-bar Is fastened. The down feed of the side-bead is 
thrown Into engagement when operating the device, and the tool E 
naturally follows the radial path controlled by the length of the radius- 
bar. This device is simple and good and only requires estra radius- 
bars In order to handle a great variety of work. 
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VarUcBl Borlns Mill AttaohmAnt lor Spherical Tumlnir 
The male member of a very large ball-and-soclEet pipe Joint 1b shown 
at A In Pig. 16. The spherical portion, which Is to be machined, haa 
an outside diameter of forty-nine inches. Tbie member flts the female 
portion shown In Fig. 16, and the attachments vsed for boring and 
turning are the same, although the locations and the tools are different. 
A special bracket O Is mounted on the rail and Is glbbed at the rear 




so that it can be adjusted easily. It is well glbbed at H to insure 
rigidity. The special ram C was mads In the form shown, its lower 
end acting as a tool-holder for the tools B and J; the former Is used 
for the outside turning and the latter for the inside boring. The ram 
Itself is a steel casting of extra-heavy section on account of the ez> 
cessive overhang required. The radiua-rod D was fastened at the two 
ends by the screws F and E, and was made of the proper length to 
give the correct radius. A special arrangement, not shown In the il- 
lustration, permitted a side floating action to the saddle along the 
rail, when tbe down feed was engaged. 
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For handling tlie socket portloa of the joint ebown <Flg. 16), the 
entire mechanism was moved over on the rail far enough to bring the 
tools In the desired position for boring, the tool / being used for this 
purpose. 

Attachment for Convex Turning In a. Borlzontal Plane 

The work A shown in Fig. 17 la a steel casting which has been previ- 
ously machined at B. It Is held on a fixture (located centrally on the 
table by the plug C) and clamped down by the three clamps around 
the flange. Two brackets O and H are mounted on the rail and serve 




Flf. 18. GoiuiiTS 



Uostal PIkBB 



to carry the supporting plate J. Aa these brackets necessarily extend 
some distance In front of the rail they aVe strongly ribbed, as shown 
in the illustration. The supporting plate J has a slot cut in it at K 
for adjusting the pivot stud L la a. longitudinal direction. This stud 
supports one end of the radius-rod N. and the other end is attached to 
the upper portion ot the ram F by pivot stud If. A regular tool-holder 
at the lower end of the ram holds the tool D. No special arrangement 
is necessary to allow the saddle to "fieat" In a transverse direction, as 
the horizontal feed-screw is used In this case, the vertical feed belnE 
simply thrown out of mesh. This permits the ram to float vertically, 
as controlled by the radius-rod N. 

Attachment for Conoave Tonilnff In a Eorlsontal Plane 

The steel casting shown at A in Fig. IS la turned concave by the 

same device as that illustrated in F*ig. IT. the only dtllerence being 
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that the radlva-rod N la pivoted to the ram below the BUpporttog plate 
Instead of above. The operation of the mecbanlBm Is exactly the sama 
M that (or the convex surface. 

Many rartatloDs of the devices deacrtbed in this chapter have been 
used for generating radial eurfacee, bnt enough have been described to 
enable the reader to select a method most suited to the particular 
problem that may require a solution. Adaptations may be readily made 
to fit almost any condition likely to be encountered in general manu- 
facturing. 
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The cutting of keyways and machining of holes In metal to ehapee 
other than round by broaching Is an old practice, but one that has 
attracted comparatWely little attention until within the past ten 
years. While machinsa were built and used for broaching they were 
not in common use until about 1900, when the automobile bualneaa 
developed rapidly. Now the broaching process Is used very exten- 
sively, not only by automobile manufacturers but by many other con- 
cerna. While relatively large work is being broached at the present 
time, the trend of practice Indicates that much larger and heavier 
parts will be machined In this manner when the quantity of work 
warrants the necessary Investment In machines and tools. The 
broaching machine Is also becoming a recognized means of cutting 
. external shapes that are readily machined with standard tools. The 
reason for this practice Is the high rate of production and low cost. 

The advantages of the broaching process are speed, Interchange- 
ability of work, adaptability to Irregular forms, employment of com- 
paratively unskilled labor, and adaptability to a great variety of work. 
The chief disadvantage Is the high cost of broaches and the uncer- 
tainty of their life. One broach may cut 20,000 holes while another 
made of the same steel and tempered In the same manner may fall 
before 2000 are cut. While chiefly applied now to Interior work, ex- 
terior work is also being successfully done, and one of the possi- 
bilities is broaching spur gears when the quantity of duplicate gears 

In preparing this treatise on broaching, many examples from prac- 
tice have been included, and we desire to acknowledge our indebted- 
ness especially to the J. N. Lapolnte Co., and the LapolntA Machine 
Tool Co. for much practical information relating to modem broach- 
ing methods. 
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THB BBOAOHma PBOCESS-BBOAOHIKa UAOHINBS 

The broaching process conslBts In machlniiiK taolea In caatinga or 
forglngfB by drawing or puahlnK through the rough cored or drilled 
bole one or more broaches having a series ot teeth which increase 
slightly In size Irom one end of the tool to the other, and succeBslvely 
cut the hole to the required form. Broaching la especially adapted to 
the flnlsblDg of square, rectangular or Irregular-shaped holes. It la 
also applicable to a wide variety of mlsceilaneoua work, such as tba 
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cutting of single or multiple keywaya In huba, forming splines, cut- 
ting teeth In small internal gears and ratchets, eftc. 

There are two general methods of broaching: One Is by pushing 
comparatively short broaches through tbe work, usually by means of 
a hand press, a. hydraullcally operated press, or an ordinary punch 
press. With the other method, a special broaching machine is used, 
and the broach, which Is usually much longer than a "push broach". 
Is pulled through the work by means of a screw forming part of the 
machine. Push broaches must necessarily be quite short to prevent 
excessive deflection; consequently it Is often necessary to force sev- 
eral broaches through the work. The longer broaches which are 
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pulled tbrough in regular broachlog machines commonly flnlali parts 
la one passage, altbough a series of two or more broaches are orien 
used for long holes, or when considerable stock must be removed. 
The cumber of broaches ordinarily used varies from one to tour. Com- 
paratively short broacbes are sometimes ueed, because they are easier 
to make, are not warped excessively In hardening and are easier to 
handle. Two or more parts can frequently be finished simultaneously 
on a regular broachlag machine, the pieces being placed one against 
the other, in tandem. 

A simple example of broaching by drawing the broach through the 
work is Illustrated by the diagrams, Fig. 1. A square hole is to be 
broached in the hub of a gear blank, this being a sliding gear (such as 
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Is used In automobile transmissions) that la to be mounted upon a 
square driving shaft Prior to broaching, a hole Is drilled slightly 
larger in diameter than the width of the square. The starting end of 
the bleach, which at flrat Is detached from the machine, is passed 
through the drilled hole In the blank, which rests against the end of 
the broaching machine. The end of the broach Is then fastened to the 
"pull bushing" by a key A (which flts loosely to facilitate Its re- 
moval), and the machine 1b started. By means of a powerful screw 
the broach Is drawn through the hole In the gear blank and this hole- 
is gradually cut to a square form by the successive action of the teeth 
■which Increases In size 0.002 or 0.003 Inch per tooth. The process Is 
illustrated by the enlarged diagrams at the top of the illustration. 

The first few teeth take broad circular cuts which diminish In 
width BO as to form a square-shaped bole. Of course. It will be under- 
stood that for cutting a heiagonal, round, or Other form of hole, a 
broach of coiresponding shape must be used. The blank to be broached 
does not need to be fastened to the machine, but Is simply slipped 
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onto the broach or a work buelilDg, In some CKsee, In a looee c 

As EOOD aa the broaching operation begins, the work 1b held rigidly 

against the end of the machine or flrture wben the latter 1b used. 

From the preceding description of tbe broaching process, It will be 
seen that tbe function of the broaching machine la to draw the broach 
through the work at the proper speed. 

Oeneral Deocrlption ot a BroachlnE Machine 
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a lai^e screw B. This screw passes through a phosphor-bronze nut 
whVch Is held against endwise movement and Is rotated through 
gearing connected with the belt driving pulley C. As the nut rotates, 
ccrew B ts moved one way or the other, depending upon the direc- 
tion of rotation. On the broaching or cutting stroke, the drive Is 
from a pinion on the belt pulley shaft, to a large gear (enclosed by 
guard D), which Is connected to the screw operating nut by a clutch. 
On the return stroke, the clutch Is shifted out of mesh with the 
large gear and Is engaged with a smaller and more rapidly moving 
gear which rotates In the opposite direction. 

The stroke of the machine Is automatically controlled by two 
adjustable tappets mounted on a rod extending along the rear side. 
When either of these tappets is engaged by an arm which extends 
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backward from the draw-bead A, tbe rod upon wblcb tbey are mounted 
la Bblfted. This movement of tbe rod operates tbe clutch, previously 
referred ito, which reverses tbe motion of tbe nut on tbe screw. Tha 
stroke of the machine la regulated by simply changing the poalUoii 
of tbe tappets. Tbe vertical lever E operates this same tappet rod 
and Is used to start, stop or reverse the movement of the machine 
by hand. Cutting lubricant for the broach Is supplied through the 
flexible tube F. These are tbe principal features ol a broaching 
machine of the type Illustrated. 

Broactalnff a, Oonneotlnii-rod End 

A simple example at broaching is Illustrated In Fig. 3 which shows 

how tbe rectangular opening in the end of an engine connecting-rod 

is flnlsbed. The hole is 2Vt Inches wide by 4i^ Inches long, and tbe 
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end of the rod is 1% inch thick. This rectangular opening Is finished 
by broaching in from four to Ave minutes, tbe time depending some- 
what upon the facilltlea for handling the work. The end of the rod, 
prior to the broaching operation, la either blocked out by Jig drilling 
as Indicated at A, Fig. 4, or a rough hole is formed by forging aa 
indicated at B. The full llnea in these sketches show the rough 
surfaces in each case, and the dotted lines, the flnlsbed hole. 

p\>r broaching an opening of this size, two operations are required; 
one for roughing and one for flnlshlng. Tbe roughing broach re- 
moves the greater part of the metal and enlarges the hole to within 
1/16 Inch of the required size, there being 1/32 inch left on each 
of the four faces for finishing. Tbe starting end of the flnlshlng 
broach fits into the hole made by the roughing broach. These broaches 
are made of a solid piece of steel and are approximately 48 Inchea 
long. 

As each of these rode weighs from three hundred to four hundred 
pounds, they are usually bandied by means of a hoist Tbe end ot 
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tbe rod to be broached 1b supported hy the broach Itself, and the 
opposite end rests on a suitable stand. In this way, the work Is held 
parallel or In position to bring the flutshed hole in alignment with 
the rod. Tbe broach operates In a fixed position and flnlshee the 
hole according to the war the rod Is set After the support is 
properly located, any number of pieces can be broached without 
further adjustment, the holes produced being uniform in slse and 
in alignment with the rod. 
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BrOBchlnfi: In a Vertical Preae 
Fig. 6 shows an example of "push broaching," comparatively short 
broaches being forced down through the work by means of a hydraulic 
press. The operation is that of broaching tbe holes for the squared 
ends of the live spindles of the rear axle In the axle dogs in an 
automobile plant. Tbe dogs are held In position by tbe hollow Jlfr A. 
which Is bolted to the base of the press, the Jig being slotted to 
conform to the teeth of the dog, as shown at D. As the ram of the 
press forces tbe broach through the hole, the dial shown registers 
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tbe preesnre In tons; the maximum allowable pressure la 30 tons. 
At R is shown odb ot tbe dogs atter It has been broacbed. 

Duplex Broacbtiu: Machine 
A duplex or double type of broacbing machine la Illustrated in 
Fig, 6. Tbe dietlnctlve leature of this machine Is that there are 
two operating screws so that two broaches can be used at the same 
time. The design of the machine Is such that one head la being 
returned while the other la on tbe cutting stroke. As It Is possible 
to disengage one of the operating screws, the machine can be changed 
Into the equivalent of a single broaching machine It desired. Both 
operating screws are provided with Individual trips for regulating 



Fl*. t, Osplai Bnwdiiiif Hicbing mada bj tba J. H. Li,polnt« Co. 

the length of the strobe. These trips are mounted upon rods which 
are located above the operating screws. Two broaching speeds are 
available, and two operating levers A and B are used to control the 
machine from either side. There Is a pump and oil reservoir in the 
base of the machine to supply lubricant to tbe broaching tools. Two 
flexible tubes at the front end of the machine direct tbe cutting 
compound upon tbe broaches at the point where the cutting action 
lakes place. 

Means are provided for adjusting the stroke of the machine so that 
each screw operates on the same length of stroke. When making 
the adjustment, one of the sliding heads is brought into position 
ready tor the cutting operation. The lever seen at the top ot the 
gear-case is then moved sideways to disconnect this head. The 
operating lever on tbe machine Is next shifted to the working posi- 
tion, and tbe other slltHng head Is moved to a position corresponding 
with the extreme length of stroke required. The stops are then set 
In this position and the stops for tbe other bead are set in alignment 
with them. The lever on top of the gear-case Is then shifted to i 
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bring the first bead Into operation. The travel of the Blldlng head 
on tbe low speed U 3 feet per mioute, and on the high speed, 8 feet 
per minute. The maxlmuia stroke of the machine la 54 Inchee, and 
ft has a capacity for broacUns holes up to 3 inches square. 



CHAPTER n 



BROAOHES AND BROACH UAEIN'O 

A number of typical broaches and the operations for which they are 
Intended are shown by the diagrams. Pig. 7. Broach A produces a 
round-cornered, square hole. Prior to broaching square holes, it is 
usually the practice to drill a round hole having a diameter d some- 
what larger than the width of the square. Hence, the sides are not 
completely finished, but this unfinished part Is not objectionable In 
most cases. In fact, this clearance space is an advantage during the 
broaching operation in that It serves as a channel for the broaching 
lubricant; moreover, the broach has less metal to remove. Broach B 
is for flnlshlag round holes. Broaching le superior to reaming for 
some clsBseB of work, because the broach will hold Its size for a 
much longer period, thua Inaurlng greater accuracy, and more eco- 
nomical results are obtained on certain claaaes of work. 

Broaches C and D are for cutting single and double keyways, 
respectively. The former Is of rectanglar section and, when in use, 
slides through a guiding bushing which is inserted tn the hole. Broach 
E Is for forming tour Integral splines In a hub. The broach at F Is for 
producing hexagonal holes. Rectangular holes are finished by broach 
O. The teeth on the sides of this broach are inclined In opposite 
directions, which has the following advantages: The broach U 
stronger than it would be It the teeth were opposite and parallel to 
each other; thin work cannot drop between the Inclined teeth, as It 
tends to do when the teeth are at right angles, because at least two 
teeth are always cutting; the Inclination la opposite directions neu- 
tralizes the lateral thrust The teeth on the edges are staggered, the 
teeth on one aide belug midway between the teeth on the other edge, 
as shown by the dotted line. 

A double cut broach is shown at H. This type la tor finishing, sim- 
ultaneously, both sides / ot a slot, and for similar work. Broach I 
is the style used for forming the teeth In Internal gears. It is practi- 
cally a series of gear-shaped cutters, the outside diameters of which 
gradually Increase toward the finishing end of the broach. Broach / 
is for round holes but diflers from style B in that It has a continuous 
helical cutting edge. Some prefer this form because it gives a shear- 



10 



No. 122— BROACHING 



Ing cut Broach K Is tor cutting a series of helical grooves In a hub 
or bushing. The work rests against a special rotating support, and 
revolves to lorm the helical grooves, as the broach Is pulled through. 
In addition to the typical broaches shown In Fig. 7, many special 
designs are now in use lor performing more complex operatloos. 
(Some of these will be referred to later.) Two surfaces on opposite 
sides of a casting or forging are sometimes machined simultaneously 
tj twin broaches and. In other cases, three or four broaches are drawn 
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through a part at the same time, for finishing as many duplicate holes 
or surfaces. Special work-holding and broach-guiding fixtures are 
commonly used for multiple broaching. In Chapter III a variety of 
special broaching operations are deHcrlbed and Illustrated and indicate 
in a general way the possibilities of tbe broaching process. 

Aa broaches have a series of teeth that successively cut the work 
to the required form, naturally the proportioning of these teeth la 
one of the most Important features of broach design. While the de- 
sign of a broach, aside from its general shape or form, depends largely 
upon its Intended use, there are certain features which apply to 
broach making In general. One of the first things to determine 
is the pitch ot the teeth, or the distance from one tooth to the next. 
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Pltoli of Broach Teeth 

Ab a general rule, tlie pitch. P (see Fig. S) Btaonld Increase as tbe 
lengtb of the bole iDcreaaes to provide sufficient apace between the 
teeth for the chips. The pitch of the teeth for broaching under 
sverape conditions can be determined by tbe following formula. In 
which P = pltch of teeth and I. ^^ length of hole to be broached: 
P= v'lTxO.SB 

This formula expressed as a rule would be: The pUch o} the teeth 
equata the tquare root of the length of the twte multiplied by the 
conatant 0.35. For eicample. If a broach la required for a square hole 
3 Inches long, the pitch of the teeth would equal V 3~X 0.36 = O.S 
Inch, ^proximately. . 

Of course a given pitch will cover quite a range of lengths, tbe 
maximum being the length In which the chip space will be completely 
filled. The constant given in tbe preceding formula may be as low 
as 0.3 for some broaches and as high as 0.1 for others, although the 
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pitch obtained with the value 0.36 corresponds to average practice. 
When a broach Is quite large In diameter, thus permitting deep chip 
spaces in front of the teetb, the pitch might be decreased In order to 
reduce the total length of the broach. On the other hand, It the 
work Is very hard and tough, a coarser pitch might be advisable In 
order to reduce the power required to force the broach through the 

If the pitch is too fine In proportion to the size of tbe broach, there 
may be difficulty In hardening, owing to the fact that the ftne teeth 
will cool much more rapidly than the broach body, thus producing 
severe strains which tend to crack tbe teeth, especially at tbe cor- 
ners. If the teeth are too closely spaced, so much power may be re- 
quired for drawing the broach through the work that there Is danger 
of pulling the broach apart In general, the pitch should be as coarse 
as poBstble without weakening tbe broach too much, but at least two 
teeth thould be in contact when broaching work of minimum length. 

Depth of Out per Tooth 
The amount of metal that the successive teeth of a broach should 
remove, or tbe Increase In size per tooth, depends largely upon tbe 
hardness or toughness of the material to be broached. The size of 
the hole In proportion to Its length also affects the depth of cut, so 
that It Is Impossible to give more than a general Idea of the Increa^ 
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in size per tooth. Medlum-alzed broaches for round or square holes 
usually have an increase of from 0.001 to O.003 inch per tooth for 
broaching steel, and approxImat«lr double these amounts tor soft 
cast Iron or brass. Large broaches up to 2 or 3 inches majr have an 
Increase of from 0.005 to 0.010 inch per tooth. Obviously, the depth 
of cut is governed almost entirely by the nature of the vork. For 
oxample, a small broach tor use on brass or other soft material 
might have a larger Increase per tooth than a much larger broach tor 
cutting steel. If the amount of metal to be removed Is comparatively 
small and the broach is ueed principally for flnishlng, the increase per 
tooth may not be over 0.001 Inch even for large broaches. 

The diagrams A and B, Fig. 9, show a common method of broach- 
ing square holes In the hubs of automobile transmission gears, etc. 
Prior to broaching, a hole is drilled slightly larger In diameter than the 




square width. The first tooth on the broach is rounded and cuts 
a long circular chip, as Indicated at a. and the following teeth 
form the square corners by removing successive chips (as shown by 
the dotted lines) until the square Is flnlshed as at B. As will be 
seen, the flrst tooth has the widest cut, the chip width a greatly 
decreasing toward the finishing end of the broach. Hence, if this 
hole wer« flnlshed with a single broach, it would be advisable to 
vary the sizes of the teeth so that the depth of cut gradually Increases 
as width a decreases. 

It is good practice to nick some of the wide teeth as indicated at n, 
in order to break up the chtpa, as a broad curved chip does not bend 
or curl easily. In case two or more broaches are required, the flrst 
broach of the set may have a uniform variation in the radii r of 
different teeth, but the depth of cut should be less than for the 
following broaches which remove comparatively narrow chips from 
the. corners of the square. Several end teeth, especially on the last 
broach of a set, are made to the flnish size. This feature, which la 
common to broaches in general, aids the broach in retaining Its sIk 
and tends to produce a more accurately flnlshed hole. 
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Tactlnjr DnlionDlty ol Teeth 
When testing a broach to determine If all the teetb cut equally, flrst 
use a test piece not longer than 2 X pitch of teeth. Pull the brbaeh 
through and note the amount of chips removed bj each tooth; thea 
"stane down" the high teeth and test by drawing through a longer 
piece, and, Anally, through the Full length required. If a broach is 
warped much, or Is otherwise Inaccurate, some teetb may take such 
deep cuts that the broach would break if an attempt were made to 
pull it through a long hole on the flrst trial. 

Cleeraiioe AnBlea tor Broach Taeth 

The clearance angle o <Flg. 8) for the teeth of broaches ts usually 
very smalt, and some broaches are made with practically no clear- 
ance. Ordinarily there should be a clearance angle varying from 1 
to 3 degrees, 2 degrees being a fair average. A common method of 
providing the necessary clearance is as follows; All the lands of 
the hardened broach are first ground parallel and then they are 
"backed otT' slightly by means of an oilstone. Just back of the nar- 
row land (which may not be over 1/32 Inch wide) there is a clear- 
ance of 2 or 3 degrees, machined prior to hardening. 

The clearance space required for the chips depends upon the length 
of the hole and the depth of the cut When the cut is light, and 
especially If the material to be broached Is tough, thus making it 
necessary to use as strong a broach as possible, the clearance space 
should be proportionately small. The fillet at the base of each tooth 
should have as large a radius r (Fig. 8) as practicable and the grooves 
between the teeth should be smooth so that the chips will curl easily. 
A curved clearance space, similar to that Indicated by the dotted 
line I-. Is superior to the straight slope, although not so easily ma- 
chined. The front (aces of the teeth are sometimes given a rake 8 of 
from 5 to 8 degrees so that the broach will cut more easily and re- 
quire less pressure to force It through the holes. 

Steel tor Broaches 
Three kinds of steel are used tor making broaches: namely, alloy 
steel, carbon steel and, to some extent, casehardened machine steel 
for short "push" broaches. Carbon- vanadium tool steel Is especially 
adapted for broaches. This steel differs from the high-speed steels 
In which vanadium Is also used In that it does not contain tungsten 
or chromium, but Is simply a high-grade carbon steel containing a 
certain percentage of vanadium. The addition, of vanadium to carbon 
steel Imparts certain qualities, the moat Important of which are, first, 
the higher temperature to which the steel can be heated without 
coarsening the grain ( thus permitting a greater range in temperature 
for hardening without spoiling the tool), and second, the tough core 
which makes the broach stronger and more durable than one made 
of regular high-carbon steel. The makers recommend hardening carbon- 
vanadium steel at a temperature varying from 1350 to 1426 degrees 

Ac 
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F., tbe temperature depending somewhat upon the size of the tool. 
The steel Ib then drawn to suit conditions, the drawing temperature 
generally being about 460 degrees F. This particular brand of steel 
will not harden In oil. 

Regular carbon steel that Is used for broaches should have from 
1.00 to 1.10 per cent carbon. To prevent the steel from warping ez- 
cesslvely, the broach should be annealed after the teeth have been 
roughed out A successful method of hardening to prevent excessive 
warping Is as follows: After machining the broach and before hard- 
ening, heat to a dark red and allow the broach to cool while lying 
OIL a Sat plate, then heat to the hardening temperature and harden 
In the usual manner. This method, which Is applicable to all tool 
steels, reduces warping to a minimum and Is of especial value when 
hardening slender broaches. 

StralKh1>enliiir Hardensd Broscbea 
Broaches that have been warped by hardening can be straightened 
at the time the temper Is drawn. Place the broach on two wooden 
blacks on the table of a drill press equipped with a lever feed, and 
insert a wooden block in the end of the drill press spindle. Heat 
tbe broach with a Bunsen burner until the hand can barely touch 
It; then apply pressure to the "high" side. Continue heating (as 
uniformly as possible) and bending until tbe broach la straight, but 
complete the straightening operation before the broach has reached 
a temperature of about Z5Q degrees F,, so that the drawing temperature 
will not be exceeded. With this method the heat required for atraigbt- 
enlng Is also used tor drawing the temper, the broach being removed 
and quenched as soon as the tempering temperature Is reached. The 
temperature Is Judged by brightening some of the teeth throughout 
the length of the broach and watching tbe color-changes as tbe tem- 
perature Increases. 

Proi>ortlona or Broaches for DUfereut Oi>eratloiiB 
The following examples ot broaching taken from actual practice 
indicate, in a general way, the proportions of broaches for various 
operations: 

Operation 1. — Broaching 15/16-lnch square holes in alloy steel gears 
having hubs 3 Inches long. Broaches used: The flrat or No. 1 
broach in the set of three has teeth which Increase In diameter from 
the starting end 0.002 inch; tbe teeth on No. 2 broach increase 0.003 
Inch, and those on No. 3, 0.004 inch. The leading ends or shanks ot 
the three broaches are 0.005 Inch less in diameter than the 1-lnch 
hole drilled prior to the broaching operation. Tbe pitch of the teeth 
Is y^ Inch; the width of the lands, % Inch; the last two teeth on 
broaches Nob. 1 and 2 are made the finished size; six teeth ot the 
finished size are left on brooch No. 3. When more than one broach 
Is used, It Is common practice to make the last tooth on one broach 
and the first tooth on the following broach ot the same size. 
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Operation 2. — BroRchlnK a %-luch square hole, 1^ Inch long, In 
carbon steel. BroacheB used: Set of three push braacbes (for use 
under a press), 10>4 Inchea long; pitch of teetb, 5/16 Inch; Increase In 
stze per tooth, 0.003 Inch (0.0016 on each side). A Zl/32-tnch bole la 
drilled prior to broaching. 

Operation 3. — Broaching a 9/lS-Inch hexagon hole, % Inch long. In 
bigh-grade carbon eteel. Broaches used; Set of four pusb bro&cbes, 6 
Inches long; pitch at teeth, Vi Inch; Increase In size per tooth, 0.010 
Inch (0.005 on each elde) for first six teetb (beca.uee of small corner 
ciitfi taken by leading teetb), and 0.003 inch for remaining eight teeth. 
The last six teeth on broach No. 4 are made the same slse. 

Operation i. — FlnlBhlng babbitted or bronze bearings, 1^ inch di- 
ameter, 8 inches long. Broaches used: Pitch of teeth, T/16 Inch; 
lengtb of toothed section, 4 Inches; Increase In size per tooth, 0.001 
Inch; number of uniformly sized ttnlshing teeth, 3; width of lands, 
1/32 inch; size of pilot, 1.4S6 Inch; length, 1% Inch; size of plain 
cjllndrical eeetton following finishing teetb for producing hard and 
compact surface, 1.606 inch. 
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Operation J.— Broaching the teeth in machine ateel Internal gears ot 
3.3 inch pitch diameter; 20 diametral pitch, with teeth ^ inch lonj. 
Broaches used: Pitch of teeth (distance between centers of successive 
rows), % inch; inurease In outside diameter for each annular row of 
teetb, 0.006 inch; number of rows of uniform diameter, last three. 
This type ot broach Is illustrated at /, in Fig. 7, and is made as follows: 
After roughing out the blanlc, anneal the steel; then mill the teeth 
the same as If making a long gear; harden and grind the front faces 
of the teetb to produce sharp edges. The cutting ends of the teeth 
require little or no clearance. 



Fig. 10 shows a broach of novel design which has the teeth rounded 
at the top Instead of being finished to a cutting edge as In the ordinary 
type ot broach. These teeth are highly polished, and experience has 
shown that the higher the polish, the better will be the results obtained 
with the tool. It will be seen that the flrst few teeth are small enough 
to enter the hole which Is to be broached, the Intermediate teeth are 
of slightly larger diameter, and the last three teeth are of the size 
to which It Is desired to llniab the work. 

This tool ts used for broaching bearings and for operations on 
other classes of work where the metal is relatively soft, the tool 
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compressing the metal, and tbus giving It a. surface hardness. This 
Is of particular value In the case>of bearings, on which doss of work 
this broach has found wide application. The amount ot metal dis- 
placed by the broaching operation la about the same as that removed 
by reaming, depending largely on the kind of metal and the con- 
struction of the broach. Although the tool la primarily intended for 
operations on babbitt and white bearing metal and brass. It has be«n 
used satisfactorily for producing glazed surfaces on cast-iron bearings. 
The distance from center-ton^enter of the teeth depends somewhat 
on the length of the work which la to be broached. It Is desirable 
to have at least alx or eight teeth working at all times. This broach 
is usually made as shown In the Illustration and is pushed through 
the work instead of being pulled In the ordinary way. An arbor 
or Bc^w press may be used for this purpose and It Is generally ad- 
visable to apply lubricant to the broach while in operation. 



The noteworthy feature of the operation of a broach of this type, 
as compared with an ordinary smooth plug, lies lu the reduction of 
friction. It win be evident that the teeth of this broach are fully 
as efflcient as a plug for handling the class ot work for which the 
tool is intended. At the same time, the area ot the tool In contact 
with the work Is greatly reduced, with a corresponding reduction of 
friction and the amount of power required to drive the tool. The 
provision ot teeth also makes It possible to apply lubricant to the 
work more readily than could be done If an ordinary plug were used. 

Bizlnir Round Holes wltb Smooth-tooth Broach 
Fig. II shows how a broaching machine and smooth-tooth broach 
were used for sizing holes In hard phosphor-bronze bushings. This 
material, as any mechanic who has had any experience with it knows. 
Is difficult to finish ream. It Is tough, elastic and slippery, and the 
less there is to ream the more difficult becomes the operation. Instead 
of reaming, the holes are enlarged slightly by pulling a smooth-tooth 
broach through in a regular broaching machine. It will at once be 
seen that the operation is that of compressing the metal in the sides , 
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of tbe hole, until It has been ealarged to the flalshed size. Each of 
the rounded rings or beads on the broach is a little larger than Its 
predeceBBor, thus gradually compresBlng tbe metal the desired 
amount The flalHlied bole springs back to a diameter a tew thou- 
sandths Inch less than the diameter of the largest ring on the tool, 
so that the size of tbe latter has to be determined by ezperlmenL 
This allowance varies slightly also, as may be Imagined, with the 
thickness of the wall of metal being pressed. In such a part aa that 
shown, for Instance, after drawing through the sizing tool In the 
broaching machine, it will be found that the hole will be somewhat 
larger In the large diameter of the work than In the hubs. It has 
been found that this difference In size can be practically avoided 
by passing tbe sizing tool through the work three or four times. 
The operation Is a rapid one as compared with reaming. 



Fl(. U. D«l(ii of PDU-huhlsK for BrHchlnf Kuhlsai 
Pull-buahlDK fof Broaches 

The broaches used on regular horizontal broaching machines are 
usually secured to the pull-busbing by means of a key passing through 
tbe bushing and broach. This connection frequently falls, tbe pull- 
bushing giving way as shown by the tower view In Fig. 12, or the 
end of the broach breaks off. The trouble can be overcome by using 
a pulI-buBhing of the type lllustrsted by the two upper views. 

The end of the broach is reduced In diameter as shown at A, leav- 
ing a shoulder; balf-bushlngs are turned to suit tbe bore C of the 
pull-bushing and are made to fit freely tbe end of tbe broach. The 
puII-bushlng has a slotted hole, wide enough for tbe Insertion of these 
split bushings. 

In use, the broach end is Inserted through the hole In the pull- 
bushing, tbe half-bushings are placed on the neck and are then 
drawn back Into the hole, as shown by the view to the left. By 
making the bore large enough when designating a pull-busbing of 
this form. It Is quite a simple matter to arrange tor one bushing to 
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cover a large range ot broaches, and In, each case retain tbe greateat 
poBslble strength In the broach. Split buahlnga are made to suit each 
size of broach. The width of the sbouldere In the split bushings 
should be such that they will break before the strain is great enough 
to break either the main pull-bushing or the end ot the broach. 



CHAPTER III 



BXAMPLES OF BBOACHma PRACTICE 

A general Idea of the adaptability of modern broaching machines, 
when equipped with well-made broaches, may be obtained from the 
following examples, all of which represent actual practice. 

Broachlnsr BM;lE-t«eth In a Drop-fonrlntr 

Fig. 13 Illustrates a method of broaching the vacuum cleaner part 

shown In Fig. 14, the rough forging being Illustrated at X and the 
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nnlshed part at Z. These pieces are light drop-forglngs, and the 
thinness of the metal at B provides very little support to withstand 
the strain of heavy broaching. In this operation, rack teeth are 
not only cut (as Indicated at Z), but also the clearance at C. the 
angular teeth D and the end surface E, all of these surfaces being 
flnlshed at one passage of the broach. In finishing these pieces, it Is ■ 
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necessary to have the center Hue F-F equl-dlstaat from tbe end sur- 
faces if and this feature was easily provided tor by finishing the pieces 
on the broaching machine. If the surfaces E had been machined by 
separate operations on any other machine than a broaching machine, 
there would be a possibility for the introduction of an error at this 
point. 

It vill be seen that the pieces are approximately % Inch thick 
and tbat they have a draft H on the Inside of the forging. The amount 
of material removed at the dimension J was 0.198 inch on each stda 
The broaching operation would have been easier to handle If this draft 
had not been necessary. Attention Is also called to the fact that the 
rack teeth were machined with a degree of accuracy which held the 
dimension K within a limit of O.O02 Inch, which Is exceptionally close 
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when the lightness of the worh la considered. After the first two 
thousand pieces had been broached, the flrst and last pieces of the 
series were checked in order to determine it any wear had developed 
In broaching. There was not any error between the dimensions of 
these two pieces which could be measured. It Is stated that In 
broaching this first series of 2000 pieces, a saving of 80 per cent 
was made over the time that would have been required to manu- 
facture tbem by any other method; this saving Is net, tbe cost of 
the broaches being Included In the cost of production. 

The broach Is made so that the rough forging shown at X is first 
machined to the outline shown at Y. After this section was obtained, 
tbe clearance at each end, the teeth and the angular cut on tbe teeth 
D were machined. The gear tooth section was given very little clear- 
ance, BO that the broach could be sharpened at the front of the teeth; 
this feature greatly Increased tbe life of the broach. This broach 
win machine at least 6000 pieces at a rate of production of about 
30 pieces per hour. ^ - i 
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BroachlUff Heavy B«noh-TlBa Bodies 

The rectangular hole In the back Jaw at an ordinary macblniats' 
bench viae Is an tnterestlDg example of broaching. A common prac' 
tlce has been to cast the back jaws with the rectangular opening: 
cored as cloaely as poestble to the required aize and to flt the sliding 
Jaw bar to it by filing. The result, of course, le conelderabte hand 
labor and more or less unsatisfactory work in many cases. The 
application of the broaching machine enables the viae manufacturer 
to cast the back Jaws with smaller openings and to remove metal 
all around the Inside ot the hole with the broach. This Insures per- 
fect bearing and working surfaces free from bard scale. 

Fig. 15 shows an equipment used by a vise manufacturer for 
broaching the holes In heavy vises. The chief feature ot interest. 
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aside from the general operation, Is the means provided for sup- 
porting the heavy broach. The broach weighs 275 pounds and is, 
therefore, entirely too heavy to be lifted by hand. The necessity 
of handling the broach at each operation Is neatly avoided. The 
broach is provided with a round shank at the rear, which telescopes 
into a supporting bracket. The bracket holds it up In line with the 
pulling shaft and thus eliminates the necessity of the operator's 
handling It. The round shank enables the broach to be tamed readily 
to clean off the chips. 

The vise jaw weighs about 160 pounds. It is mounted for broach- 
ing with the broach as Indicated In Ftg. 16, and the broach is then 
slipped up over the pulling shaft which projects out of the machine 
and la connected with a key. As soon as the machine begins to pull 
the broach through the vise Jaw, the teeth come In contact with the 
metal all around and by the time the supporting shank of the broach 
leaves the bracket at the rear, the pressure developed Is sufficient to , 

glc 



BROACHING PRACTICE 21 

hold the broach and vise jaw In poeltion. The bracket for eupporttng* 
the broach is pivoted on the round column beneath the end ot the 
machine bed, and can be swung around beside the bed out or the 
way when the machine ie being used on lighter broaching work. The 
time required for broaching a Jaw varies from four to Ave minutes. 

Broachlns: Taper Holes 
The broaching machine 1b adapted to the broaching of taper boles 
when provided with a special Qxture aa shown by the diagram F^g. 
IT. The ehape of the hole broached In this particular inatance Is 
shown Id Fig. 18. It is evidently Impossible to complete the forming 
of a square taper In one operation with a solid broach, as this would re- 
quire a broach made In sections and guided In such a w^ aa to travel in 
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Work Id Pmltun 

paths at the proper angle with each other to give the required taper. 
In the case of small work tike that here shown, the plan is followed of 
cutting one comer of the taper at a time, and then indexing the 
work to four successive positions until each corner has been cut, 
which thus finishes the entire bole. 

As Indicated by the dotted lines In Pig. 18, the hole to be broached 
Is first finished with a taper reamer slightly larger at the large and 
small diameters than the width across the flat sides ot the finished 
taper hole at the large and small ends. This gives a little clearance 
space for the broach on each of the operations. This round tapered 
hole also serves as a seat for the taper bushing on which the work is 
supported during the cutting operation, and as the broaching does not 
entirely clean out this bole, the bearing remains to the completion 
of the final operation. The work bushing is turned on Its outside 
to the taper of the hole In the blank, and is mounted at tbe head 
of tbe machine on a base which Is inclined to the angle of the 
corner of tbe Internal taper to be cut In a groove formed on 
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the uDder elde of this tapered work bushing, slides the broach or 
cutter bar (see Fig. IT), having teeth lormed In It after the usual 
lashlon of such tools, smaller at the inner end and gradually in- 
creasing in height to the outer end until they conform to the full 
depth of the cut to be made. The work has clamped to it a dog with 
a slotted tall, adapted to engage any one of tour pine disposed equi- 
dlstantly about the edge of a dUk which forms the base of the taper 
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the casting is iDdexed tor 
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vork bushing. By means ot these pins 
broaching the four corners. 

In operation, the broach having been run out to the extreme of Its 
travel, the work is Inserted over the broach and pushed on to the 
taper work-holding bushing, and Is located as to angular position by 
engaging the dog with one ot the four pins. The machine Is then 
started up and the broach is drawn back through the work, cutting 
out one of the comers. Then the blade Is again run out, the work is 
drawn off by the taper bushing far enough to permit rotating It until 
the dog engages a second pin, when the operation Is repeated, cutting 
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out a second comer. The other two comera are successively flnlehed 
In the same way, thus completing the machining of the bole to the 
form shown In Fig. IS. 

It may be noted that while the hole shown hae flattened corners, 
these are not required, as the broach can be made with a sharp comer 
it necessary. In all cases, however. It Is necessary to leave a portion 
of the taper hole In the flat of the square so as to center the work 
with the buebing. Less of the circle, however, can be left than is 
shown In the engraving. For Instance, at the large end the round 
taper hole need be only about 0.010 inch deeper than the square to 




Broachlnar Keyways in Qear RlankH 

An Interesting fixture for holding a gear blank while broaching 
two keywaya In It is shown in Fig. 19. This gear blank is made from 
a vanadium steel drop-torglng, and the broaching length Is 1% inch, 
two keyways which are 6/16 by 6/33 Inch being cut In one pass of 
the broaches. In cutting these keyways It Is not necessary to remove 
the broaches, which are held In the head, as the operator simply 
allows the head of the machine to advance toward the fixture, then 
gripe the two broaches, closing them together, and slips the work 
over. 

The broaches B have no teeth for a distance of about 2^ inches 
from the face of the fixture, so that when tbese are held together 
It Is a simple matter to slip the work over tbem and locate it on the 
fixture A. It is evident that when the head of the machine travels 
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away from the fixture, the broaches are drawn In, and as they are 
made thicker toward the outer ends, they cut the keyways to the 
correct depth. The Illustration shows how these broaches are guided 
when in operation on the work. Holding the broaches In the manner 
shown, enables a large production to be obtained, the time generally 
taken In removing and replacing the broach being saved. On an 
average, 800 gear blanks are broached In ten hours, which means 
that 16D0 keyways are cut In this time. The possibilities of broaching 
when suitable flxtures are provided are almost unlimited, and the 
job described tn the preceding Illustrates tbe adaptability of the 
broaching method to the cutting of keyways in gears. 



Fit. SO. Tba BroMUnc Kmohlns with th* Work in Plua 
Broachlns a Largra Bteel Castlns 
Figs. 20 and 21 show a broaching machine provided with special 
cutting tools, and engaged on an exceptionally heavy broaching 
operation. The size ot the hole to be broached Is approximately 8 
Inches square, though the hole la not really square, being of the 
special shape shown In Fig. 22. Not only Is the work remarkable 
on account of its size, but also because the surfaces bad to be broached 
on a taper, the outer end of the bole being 14 inch further across 
than at the bottom, while the work Is rendered still more dlfflcult 
from the fact that the opening Is closed at the small end. The method 
of broaching this casting Is to begin at the bottom and work outward. 
A recess 3 Inches long and about Vt inch deep Is furnished at the 
bottom to provide a clearance space for starting the broach. The 
stock to be removed on each ot the flntebed surfaces of the work la ■ 
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about 1/16 Inch thick; the total area to be broached la 14 inches 
long, .with a. developed width of 24 Inches. In the center ot each 
lace ol the bole, it will be noticed that there Is a half-round recess; 
no broaching la done In this part 

The macbine used la an unusually large size which operates on the 
same principle as the machinea previously referred to. The mechan- 
ism conalsts primarily ot a threaded draw bar or ram, operated by a 
revolving nut, driven by suitable gearing and reversing mechanism, 
this mechanism being operated by dogs and adjustable stops to give 
the required length ot operating and return strokes. Practically the 
only special feature of the equipment Is the special broaching head 



and broaches used. These are ot such unusual size and Ingenious 
construction as to be ot decided Interest. 

The construction ot the broaching head la plainly shown In Fig. 21. 
It conalsts easentlally ot a central square mandrel, tapered to the 
taper of the hole to be finished In the work, and provided with ways 
In which slide four separate broaches — one tor each corner of the 
work. These broaches are connected with the head ot the ram of 
the machine by bars, which are milled down thin enough to have 
sufficient flexibility to permit the broaches to spread apart as they 
approach the inner end of the stroke, and come together again as 
they return to the starting position on the outer end ot the mandrel. 
Each of the broaches Is made of a solid piece of tool steel, with a 
aeries ot 13 teeth of suitable shape milled In It 

In operation, the ram is tlrst extended to the outer limit of Its 
stroke, with the broaches at the outer and smaller end of the square 
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ceatral mandrel. The work 1b then placed over the mandrel as shown 

Id F\g. 20, iQ which position the broaches nearly touch the closed 

bottom of the hole. The outer teeth In this position are la the receas. 

The machine Is then started up, and the revolving nut, and threaded 

ram pull the broaches up on the tapered guides of the square mandrel, 

bf means ot the flexible pulling rods.. As the broaches are thus drawn 

Inward on a graduallj' ezpandlng form, they cut the reaulred shape In 

the interior of the steel casting. The broaches first are tapered, so 

that the outer end la 1/32 loch larger than the end to which the 

pulling rods are connected, this 

being the amount which ta to be 

removed from the work la each 

operation. 

As Is shown in the engraving. 
a special abutment or base 'is 
provided for taking the thrust 
ot the work as It resists the 
action of the cutters. Filed up 
on this special base. In Fig. 21, 
will be seen the chips produced 
at one stroke of the machine. 
It will be noted from their char- 
acter that a cutting actloo Is 
effected by the broaching blades. 
The approximate pulling strain 
on the four rods operating the broaches Is estimated to be from 75 to 
100 tons. 

Broachine Round Holes 
The broaching ol round boles has been adopted within the last few 
years by many manufacturers on certain classes of work In preference 
to reaming. This change Is due to two reasons: The cost of the 
operation Is less and the finish on the particular work referred to 
later Is superior to that of reaming. 

It Is an acknowledged fact that the boring and reaming Of seamless 
steel tublcK, especially when the walls are light, Is not a very satis- 
factory operation; In fact, the pieces are usually distorted, due to the 
method of holding them. One ot the principal objections to reaming, 
and one reason why It Is so bard to obtain a well reamed hole in 
steel tubing, Is that the reamer tears or "bltea In" at some point on 
the surface. This is due to the tact that the flbera of the steel are 
drawn lengthwise or at right angles to the cutting edges of the reamer, 
which Is one ot tbe reasons why It Is so hard to obtain a good clean 
finish In steel tubing by reaming. 

On the other hand, when broaching the hole In a tube, a very nice 
finish can be obtained because the fibers lie or are drawn In tbe same 
direction as the broach Is operated- The ordinary seamless steel tub- 
ing is about O.OOS to 0.030 Inch under standard size, which Is about 
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the right amount to broach out. For broaching this material, with 
diameters up to 2 Inches, the high speed of the broaching machine 
can be used, the cutting tool traveling at about six teet per minute. 
There is no clamping of the work for this operation and the shell 
is not distorted as much ae It would he by boring or reaming. Six 
or seTen pieces can be broached while one Is being reamed. 

Broaching Bound Boles In Stael Qsars 
The method of machining the holes In sliding and differential gears, 
adopted by one of the largest automobile gear taanufacturers In the 
country, la as follows: The work is placed on a drill press. In a 
suitable fixture, and the holes, which yary from 1 1/lfrto 1 1/2 Inch 
in diameter, are drilled In one operation with a drill 1/32 inch smaller 
than the finished size of the bole. On the apindle of the drill press a 
facing head Is arranged so that after the hole Is drilled, the spindle Is 
ted down and the gear faced ofl by this facing head; this forms a flat 
surface which la equare with the hole and Is used for locating the 
work while the boles are being llnlshed by broaching. The old 
method was to drill these gears, then follow with a light boring chip, 
and then a reamer. The reduction In cost obtained with the new 
method Is 1% cent per hole, which Is quite an Item when we consider 
that the original cost of machlatng the holes was very low. The re- 
sults obtained by broaching are that a well finished bole Is obtained In 
addition to greater production; moreover, the life of a broach Is eight 
to twelve times that of a reamer. 

Broaobliur Bound Holae In Bronaa Beuines 
Another operation of broaching round holes la that of finishing holes 
in bronze machine bearlnss, up to about 2% inches in diameter. Take, 
for Instance, the broaching of a 2-tnch round bole In bronze castings 
4^ Inches long. It is the practice In one shop to allow % Inch of stock 
to be removed or 1/16 Inch on each side, the hole being cored 1/8 Inch 
smaller than the finished diameter. When these bearings were being 
bored and reamed to size, % Inch was allowed and the average time 
was 10 minutes per piece. They are now broached at the rate of 
one In IH minute and the pieces are not clamped and do not lose their 
shape. The finish of the broached holes Is better than was obtained 
by reaming. The trouble when reaming hard bronze Is to overcome 
the chattering and waving of the reamer In the hole; this has been 
done by broaching. 

BroBchsa tor Bound Holes 
The results when broactfing round boles depend on the tool Itself. 
The broaches are ground all over after hardening and are backed off 
at the proper angle to give 'them a nice cutting edge. The iteeth are 
nicked to break the chips on the heavy cutting part of the broach, 
but the last six or eight teeth that do the sizing are not nicked. 
Following the last six or eight sizing teeth Is a short pilot which 
supports and guides the broach. One very Important thing In 
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broacbing round boles Is the proper spacing of the broach teetb. 
At no time must tbere be less than three teeth Id tbe work. In 
order to properly support the broach; If tbe teetb were so coarse 
that only one tooth was cutting while another was entering, It would 
give tbe broach a slight movement, causing waves In tbe work. The 
broach must always be made up with dlflerentlal or uneven spacing 
of tbe teeth. If the teetb are all evenly spaced, as a rule unsatis- 
factory results will be obtained. 

When making broaches a number of things must be taken Into con- 
sideration, vix., material to be cut, length of work, amount of stock to 
be removed on the outside, and the shape of the work, so that the 
proper support'can be provided. The length of tbe broach depends 
entirely on tbe metal to be removed. Of course In cases where tbe 
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broaching operation is for sizing, a abort broach 1h used, usually hav- 
ing about 10 Inches of cutting edge. If the broach Is to remove % 
inch of stock, tbe length may vary from 28 to 40 Inches, depending on 
the length of tbe work. 

BrOBChlnfT Bound Holes ia Chrome-nlokel Stael 
It has been demonstrated that the broaching of hard chrome-nickel 
steel, such as Is used In automobile work. Is a much cheaper process 
than reaming. A typical job is shown In Fig. 23, which illustrates two 
connecting-rods and their broaching flxture. The small end of one 
rod and the large end of the other are broached simultaneously and 
one complete rod is flnlehed for every stroke of the machine. The 
fixture is not absolutely necessary but adds considerably to the pro- 
duction. These connecting-rods are first drilled to the size of the 
broach shank or to a diameter of from 0.015 to 0.018 Inch under the 
required size. They are then finished by broaching, thus eliminating 
both machine and hand reaming. After tbe rods have been broached, 
the targe end Is split and tbe lining bushing for tbe targe end is in- 
serted. The bushing for the small end is pressed Into the rod. These 
bearings or bushings are then broached. ^ 
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nickel steel, a good grade of cuUIdk oil will give aatlefactory results. 
, On eome work, no drilling whatever la done prior to broaching, and 
very often only one broach la uaed. but If the work is longer tban say 
two Inches, a roughing broach usually precedes the finishing broach. 
Of course, broaching from the rough caa only be done when the 
broaching operation comes flrat, aa otherwise the broach would fol- 
low the rough bole and, conseqtiently, tlkre flnishad hole would be out 
of true with any other surfaces which might be machined afterward. 

BBoachlnsr Bound Holes In Vanadium 8te«I 
The following example represents the practice of a large automo- 
bile manufacturer In the broaching of round holes in vanadium steel 
forgings: The forging, which is 5Vi Inches long, is llrst rough-drilled 
In a high powered vertical drilling machine, from 0.005 to 0.010 Inch 




being left on the diameter of the hole to be removed by the broach. 
The forgings are taken from the drilling machine to the broaching 
machine and the hole, which Is 1 3/16 'neb In diameter, Is completed 
In one pass of the broach, a production of 760 being obtained In ten 
boure. 

The fixture used 1b of very simple construction, consisting simply 
of a cast-tEon ring fastened to the faceplate of the machine, against 
which the forging Is held by the broach as It Is drawn through. A 
small straight portion about 1<A inch In length Is provided on the 
end of the broach, which paaaeB through the hole and gives It a bur- 
nished appearance. The hole Is superior as a bearing surface, to 
that produced by a reamer. This Is because when the reamer Is 
working In alloy steel, especially that containing a percentage of 
nickel. It usually tears rings around the hole, producing a rough sur- 
face. The broach, on the other hand. If It scratches or tears at all, 
makes these In a line parallel with the ails of the work, which Is less 
detrimental to a hearing surface than annular grooves. Another ad- 
vantage of broaching round holes Instead of reaming them Is that the 
broach retains Its size much longer than a reamer. 
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A Sp«claJ Broftcliliuc Oi>er&ttoa 
The progresB which bas been made Id the broaching machine and 
Its use Is Illustrated by a broaching operation which Is being per- 
formed at the factory where universal jo lots for automobiles are 
manufactured. Fig. 26 shows two ptaa views of the piece which Is to 
be broached, showing the work done at each of the two operations. 
Fig. 26 illustrates the special broaching fixture and broaches used 
[or doing the worfc, and part E Is the rough steel forging upon which 
the broaching Is done. This Is one of the parts of a universal Joint 
It is one Inch thick, having four roughly formed rectangular holes. 
which must be broached on all four Bides, Qnlshlng each hole to an 
accurate size; moreover the broaching must be so done that the 
finished holes will all be equi-dlstantly spaced from the central hoie. 



This central hole Is finished by drilling and reaming and the outside 
edge of the piece is turned, so that the piece may be held by the 
edge. 

Referring to Fig. 26, it will be seen that the broaching fixture con- 
elBts of a very heavy faceplate casting A that Sts on the head of the 
broaching machine, and this casting Is bored out to receive the other 
half ol the Qsture B, which acta aa a guide-sleeve. 

The faceplate A Is fitted with four liardened steel guides C which are 
adjustable radially by means of set-screws D. It will be noticed that 
these guide-blocks are slotted to receive and guide the broaches while 
they are cutting. The piece to be broached Indicated at E, Is a snug 
fit for the smaller bored hole In casting A, allowing It to seat close 
to the guide-blocks C. After being placed In -this recess, guide-sleeve 
B which is a eliding fit tax the large bored section in faceplate A, Is 
inserted. This part of the fixture Is also provided with four hardened 
steel guide blocks F which may be adjusted radially after the man- 
ner of chuck Jaws. Gulde-eleeve B, while free to Bllde In faceplate A, 
Is prevented from turning and throwing the two sets of gulde4)lockB 
out of line, by means of suitable tongues. 
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There are two operations required to complete the broaching on this 
piece. At O la shown the broach holder with the four broaches /, 
used for the first operation. One at the teatures ol this job is that 
four cuts are made at each draw of the machine. The first operation 
la performed after adjusting the position of jaws C and F, so that 
when the four broaches I, held on broaching head G, start to cut, they 
will clean out a place on the Inside edge of each of the four boles, 
leaving the forging with four cuts as Indicated by the dotted lines 
la the left-hand view in Fig. 25. It will be seen that by adjusting the 
guide-blocks C and F, agalnat which the blank sides of the first opera- 
tion broaches bear, the broaching may be coDtrolled as regards Its 
distance from the central hole In the forging. 
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This completes The work done at the first operation. The second 
operation Is performed with the aid of four broaches, one of which 
may be seen at H, which are held upon the same broaching head O. 
These broaches are provided with one fiat side which bears against 
the surface already broached. Teeth are provided on the opposite side 
and the two edges, so that the other three aides of each of the four 
holes are broached out true with the four surfaces already broached, 
thus cleaning the boles out on all four aides and Insuring that the 
finished holes will be true with the central hole. Lubrication Is pro- 
vided through pipe J which enters the faceplate casting opposite the 
cutting point. 

In broaching these parts, the entire lot Is run through the first 
operation and then the broaches are changed and the second opera- 
tion performed. The broaches are not removed from the machine 
after each pass, as is necessary in most broaching, for as they do not 
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cut to the full width of the hole, and ae they are sprins-tempered and 
beveled at the ends, they may be pressed together and the forglDg 
slipped over them to the starting point The broaches are made of 
Blightly different lengths bo that they do not all besln cutting at once. 
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These pieces are broached at tbe rate ot thlrty-slz operatlona, or 
eighteen completed pieces per hour. 

BrocuihlnK Flat Svu-tscee 

The operation ot broaching is too often viewed in the light of a 

process used principally for cutting keyways or square holes, biit with 
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proper equipment the broaching machine Is really a machine tool 
capable of handling a great many otherwise impracticable Jobs. In- 
cident to the manufacture of automobile parts there are many inter- 
esting broaching operations. 

One of these jobs consists of broaching the Inside of a ring-coupling 
which Is a part of a universal Joint The ring-coupling, which Is 
shown in Fig. 27, has been previously drilled and broached through 



34 No. 122— BROACHING 

the four round holes and it Is essential that the Inside faces (marked 
/) be flnlBhed true with the boles. In order to accomplish this suc- 
ceBsfuHy, the work U held upon a. special flsture which Is mounted 
upon the faceplate of a broaching machine. Fig. 28 Illustrates the 
method ot boldlng and broaching the work. The work, shown at A, la 
supported on the flzture B by means of four pins C wblcb engage the 
holes In the coupling. These plus are merel? a sliding fit through 
the bosses of the flzture, and the cross handles are added to assist In 
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withdrawing them. The broach itself is shown at D and Is pulled 
through the work in the usual manner. In order to facilitate center- 
ing the broach in the work as well as to distribute the cutting over the 
length ot the broach, the cutting surfaces ot the teeth are made very 
narrow at the beginning of the tool, gradually increasing in wldtb 
until at tbe end of the work tbey are full width, flnlshing the entire 
surface. These pieces are broached at the rate of twenty-flve per hour 
and the surfaces are finished true with tbe holes. 

Brooohlng- a Tapered Esy-wa? 

Cutting the tapered keyway through the yoke shown in Fig. 29 Is 

a broaching operation that has some Interesting features. Tbe key- 

glc 
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waj must be cut through the bore of the work at an angle of 10 de- 
grees. The cut is G/16 inch deep at the beginning and only 5/32 
Inch deep at the end of the cut The method of doing the worlc Is 
Illustrated in Fig. 30, In which the yoke la shown In the foreground 
and also on the machine at A. It Is supported on the specl&l fixture B 
which conslBts of a faceplate provided with a leaf C that ie hinged at 
D. This leaf Is held In an upright position by a clamp F and the 
work A flts closely in the buehlng in the leaf C. As the broaching 
must be done at an angle to the machined hole, the leaH of the flxture 
is not held at right angles to the broach, but Is backed up hy a 
tapered wedge E so that the work Is thrown off at an angle to the 
broach. 

When broaching, the work is placed in the leaf of the fixture and 
the tapered plug O is entered into the hole around the broach if.. This 
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plug Is cut out to receive the broach, and serves as a guide, prevent- 
ing the broach from springing away from the work. The broaching 
Is then carried on In the usual manner. When broaching must be 
done at a different angle it only requires the substitution of a wedge 
ot the requlred-'angle at E. Thus the fixture can be used on more than 
one Job. This broaching operation Is performed at the rapid rate 
of thirty-three pieces per hour. 



BroBC&lnB' a Bound Hole In Allffninent \i 



h Other 



The universal ellp-hub shown in Fig. 31 is first rongh-drilled 
throughout Its length. It Is necessary, however, that this hole be 
finished true to size and exactly In line with the projections at the 
end. This la accomplished by broaching, as shown In Pig. 32; tn this 
Illustration the piece may be seen lying beneath the flxture. The 
fixture which Is shown at A has a leaf B provided with an adjustable 
bushing C. The leaf Is dropped and the work placed within the fix- 
ture so that the projecting lugs are centered. Then the teat Is replaced 
and secured with pin O, and the bushing Is screwed up against the 
work BO that the countersunk inner end wilt engage the piece from 
the outside edge and hold It in a central position ready for broaching^ 
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Tbe broach is then Inserted and one pass flDlshes the piece, leaving it 
exactl]' to alza and flnlslied as smooth as If done with a reamer. 
Twen^-fiTe broached pieces per hour is the rate of production. 
Broaohlnff a Dovetail KeTsaat in a Taper Hole 
It woe desired to broach a dovetail kerseat Id tbe crank-shaft bole 
o( a large quantity of bicycle cranks. The cranks were of nickel steel 
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and had a lO-degree taper hole In tbe hub, with a minimum diameter 
of 17/33 Inch. It was necessary to broach the hub to receive a flat key, 
3/8 Inch wide by 1/16 Inch thick, dovetailed to a lO-degree Included 
angle. When the keys were driven Into place in the cranks, the latter 
were required to be Interchangeable on the crank-sbafts, which were 
slabbed oft on one side of the taper end to correspond with the key In 
the crank, and fitted with an ordinary check-nut to retain tbe crank. 

To lit a key In this manner and Insure Interchangeablllty and a simul- 
taneous fit on both key and crank, requires a nice degree of accuracy; 
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considering this, and the tougbnees of tbe steel, as well as the neces- 
aarll; limited diameter of the broach, tt was expected that the opera- 
tion would prove expensive. Subsequent experience with the uee of the 
device here Illustrated, however, proved otherwise, as thousands of the 
parts were broached most euccesefuUy at a remarkably small cost. 

Fig. 33 shows the piece to be broached. Fig. 35 shows a machine 
steel plate, planed on the bottom and sides to Qt tbe die-bed of an 




ordinary 8-lncb stroke drawing press, and planed on the top to an 
angle of £ degrees. After the planing operation a hole was bored at 
right angles with the top surface, to receive a tempered guide bushing 
A, which was pressed into place. The guide hole for the broach was 
then pnt through at right angles with tbe bottom of the plate. Thus 
It will be seen that when the crank la placed In pOEltlon over the guide 
bushing and brought Into contact with the stop pin B. the surface to be 
broached will be parallel with the line of travel of the broach. 

Pig. 34 shows one of a series of three broachee which are required 
to complete the cut These are made to slide freely through the guide 
bushing A (Fig 35), and are held In the proper position In the boldm ^ 
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D by meana of a locating piece C. As the press reaches the limit of the 
downward stroke, the broacb, which has ceased cutting, simply drops 
through the bushing Into the hand of the operator, who then Inserts 
broach No. 2 Into the holder as the press reaches the upward limit, thus 
making it unnecessary to stop the machine to Insert the tools. Great 
care should be experienced to keep the teeth of broaches of this kind 
free from chips, which can easily be accomplished by the operator pass- 
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Ing his fingers downward over the face after each removal from the 
guide bushing, and before depositing In the pan of oil. 

In tempering broaches of the shape used In this operation, the best 
results can be obtained by slowly heating the piece, face downward. In 
a charcoal fire. When heated face upward, the piece will Invariably 
bend, making the face concave, and as they require to be reasonably 
hard. It Is a difficult matter to straighten them. 

Time SeQulred lor Broachlnc Operations 
Some typical broaching operations are Illustrated In Fig. 36. The 
dimensions of these parts and the number broached per hour are given 
In the following: 
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11/2 Inch Iodb; 40 
4 tnchea long; IS per 



Sampled; lG/16-lnch square hole; sha: 

per hour. 
BantpleC: 1%-liich aquare hole; sharp 

SoMpJeD: 1 3/32-1 nch square bole; rouod comers; 2 Inches long; 40 
per hour. 

SampleE: 1%-lncb square hole; round corners; distance across cor- 
ners, 1% Inch; 1^ Inch long; 40 per hoiu'. 
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BiouUnt Opirkilau 



Sample F: 
Sample O: 
Sample H: 
Sample I: 

Sample J: 

Sample K: 

Sample L: 

Sample M: 

Sample y: 



%-lnch hexagon bole; 1% Incb long; 40 per bour. 

1%-liicb hezaeon hole; Z Inches long; 35 per hour. 

1^-lach hexagon bole; IH Incb long; 35 per hour. 

1-inch bole; U by ^ Inch keyway; H Incb long; 210 per 
hour. 

Two-Bpllne hole; m-lncb diameter; 6/16 hj 6/32 Inch 
splines; 1^ Inch long; SO per hour. 

Two H by li incb keyways In 1^-lncb boles; 3 Incbes long; 
40 per hour. 

2-lncb hole; 3/4 by 5A6 Inch keyways; 3 inches long; 30 
per hour 

Tbree^pline dovetail hole; 1^-inch dtameter; outside di- 
ameter, 1% Incb; % Inch long; 100 per hour. 

Four-spline 15/16-lncb hole: splines ^^ by ^^ Inch wld«; 1 
Inch long; 100 per hour. ^ 

Goo»^lc 
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Sample 0: Fourfipllne dovetail hole; 29/32 Inch; 2 inches long; 40 per 

BampleP! Four-epllne hole; 1^-tnch diameter; 1%-iDch outside di- 
ameter; width of spline, 6/16 inch; 3 Inches long; 40 per 

Sample Q : "Fonr-eplla^ hole; 1%-lnch diameter; outside diameter, S% 

inches; splines 9/16 inch wide; 4 inches long; 20 per hour. 
Sample R: Four-epllne hole, 17/8 inch; keyways 3/4 by 3/16 Inch; 3 

Inches long; 20 per hour. 
Sample B: Tonr-Bviiiae hole; 2^-lnch diameter; outside diameter, m 

inches; splines % inch wide; 2 Inches long; 20 per hour. 
Sampler.- Six-epltne, 17A6-inch hole; ouUlde diameter, 111A6 Inch; 

width of spline, % Inch; 4 Inches long; 20 per hour. 
jSampIer.* SIx-spllne hole; 11/2-Inch diameter; splines 3/8 by 3/16 

inch; 1^ Inch long; 40 per hour 
Sample T: Flve-epllne hole, 147/64 Inch; outside diameter, 2 3/16 Inch; 

width ot spline, 7/16 inch; 3 3/4 Inches long; 20 per hour. 
SompIeTP.-SlT-Bpline hole; 113A6-lnch diameter; splines 3/8 Inch 

wide; outside diameter, 21/16 inches; 4 Inches long; 20 

per hour. 
Sampled: Twelve«pllne; 2-Inch diameter; grooves % Inch radius; 

m inch long; 60 per hour. 
EampleT: Internal gear; 18 teeth; 2%-lnch hole; % Inch tace; 120 

per hour. 
BampleZ: %-lnch semi-square; 1-Inch corner diameter; 1 inch long; SO 

per hour. 
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CHAPTER I 



FBINOIFLjBS of MBTAL OOLOBINa 

The subject of metal flnlsblng and cotorins has received but scant 
atteutloo In mechanical publications; this 1b rather surprising when 
we note the Inclination of the manuFacturers of today to combine this 
artistic treatment with utility, and add contrast ot color to the severe 
stralgbt-llae plalnaess of our commereial products, to produce more 
beautllul effects. There Is nothing new In metal coloring. Ages ago 
It was old la Japan, and to the Orient we must really turn tor original 
auttaoritr on successful coloring of metals. 

The purpose of this book is to give to those who are Interested the 
results of the experience of a number of authorities In coloring 
metals, solely from the manufacturing side, rather than from the 
chemist's standpoint So many conditions enter into the work that no 
law can be laid down by which everyone can obtain the same satis- 
factory results, for with everyone the coloring of metals must at Urst 
be more or less ot an experimental nature. A cheap monochrome 
color can be produced by the novice who is unacquainted with the 
metallurgical properties of metals and chemical actions of solutions 
used, but the very fact that the slightest change in the alloy, aa well 
ss In the strength of the coloring solutions, produces a different shade 
of coloring under the same treatment, makes It essential that the 
operator should have considerable knowledge of metallurgy and chem- 
istry for any except the simplest work. 

First, let us consider the different methods and conditions under 
which color can be obtained, viz.. by heat-treatment alone; by var- 
nishes and lacquers; and by corroding agents or chemical compounds. 
We will treat each under its separate heading, but flrst,wlll refer 
briefly to the Bunsea burner, by the use ot which, together with a pot 
of heavy fleh or lard oil and a pair of tweezers, one can color small 
pieces by the heat procera. 

The Buneen Burner 

We will take for granted that some readers, at least, are not ac- 
quainted with the Bunsen burner, or at least the principle ot Its 
operation. The illUHtratlon herewith will explain Ita construction. 
The object of this burner Is to procure a flame capable of producing 
great heat, but which will not smoke any vessel or article heated in 
It or over It; by carefully noting the construction, It will be readily 
seen how this Is accomplished. The force of gas, escaping through 
the small aperture at A, draws the air through the holes In the sleeve 
surrounding the Jet The air and gas mix together, consuming 
the carbon produced by the decomposing gases before It becomes In- 
candeecent, and producing the flame desired. The air Is controlled by 
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a Bleeve, which turns arounij the laner tube, thereby increasing or de- 
creasing the size at the opening through which the air is drawn. A 
few minutes' use of the burner wilt enable anyone to get the flame 
right, but a few points with respect to this ma; be useful. The flame 
should be about 2^^ inches high only; It should not blow; it should 
burn with blue light, showing a defined Inner cone of blue-green light 
Immediately above which, at point C. the greatest heat Is obtaloed. 




Sactioul Tlaw. ihowlof Principl* of AotI 

Produclns- Color by H«at- treatment 
The work treated over a Bunsen burner la necessarily small, such as 
small screws, bolt heads, washers, pins, etc. The work ebould be 
thoroughly cleansed from all grease, either by dipping In a strong hot 
lye solution or In alcohol, and then dried in clean sawdust; it is abso- 
lutely essential that the entire surface presents the same physical 
condition, to obtain uniformity of color. The work should be subjected 
to the flame Immediately above the Inner cone oF light. Carefully 
watch the varying change of color and withdraw from the heat before 
it quite reaches the blue desired: then hold the work in the air until 
the desired shade appears, and "check" the color change by dipping 
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the piece In the oil and allowing It to cool In It Very Bood bluing 
can be done In this' way by the beglaaer on pieces ol uniform shape, 
but much more eklll will be required on pieces where the shape Is 
Irregular, having large Hurfacee in one place and small in another, 
when the heat must be confined to the larger part for a longer period 
of time than is necessary for the small parts. In such cases the 
amount of heat contained in the larger part Is usually sufficient to 
produce the desired effect In the smaller details after taking the piece 
from the flame. 

Another very common method, especially lor flat work, {s to heat 
a flat piece of Iron or steel of sufficient size to retain the heat tor a 
long time and place the piece to be colored on the hot surface, some- 
times In direct contact with the hot metal, and at other times on a 
piece of sheet Iron placed on the hot piece. When the desired color 
appears, plunge the work Into an oil bath. Tet another way Is the 
hot-aand method. A pan of sand is healed to a high degree, the 
parts are burled In It and rolled around, and when the required color 
appears it is "checked" as before. In all these methods the colors that 
appear to the eye come In the following order: Pale straw, dark 
straw, brown, purple, blue and green. The processes are Identical 
with those of tempering steel by the color method. The wearing life 
of work done by these methods is naturally very short, as the colors 
rub off very quickly hy handling. 

Oorrodlng Airents 

We now come to the corroding agents — chemical compounds — by 
which the most successful results are obtained, by the dipping process, 
or "wet coloring," as It Is called. There are many methods known as 
"dry coloring" which have been repeatedly tried; In this compounds 
are mixed together, forming pastes that are applied with a brush and 
allowed to retnalD any number of hours and then rubbed off, but moat 
of these methods are more or less failures. The wet method presents 
many advantages, l>oth as regards economy of time and uniform 

To color copper articles, such as ash trays, pin dishes, receivers, etc., 
a solution of ammanlum sulphide will give the best results to the be- 
ginner. The greatest variety of colors, from light brown to black, can 
be obtained by this simple method. Use a dilute solution, cold. A good 
working solution is produced by diluting a saturated solution of am- 
monium sulphide with ID to 40 parts of water. A light brown color 
Is produced by dipping the work for a very short time in the solution, 
withdrawing It, and allowing It to dry In the air. A darker shade of 
brown is obtained by a longer immersion, according to the color de- 
sired, after which the work is allowed to dry In sawdust. To obtain 
a hlack coloring, allow the article to remain quite a while in the bath, 
and, after removing, dip it In alcohol, after which the alcohol la 
burnt off, leaving a black coating. These colors can be permanently 
fixed by a transparent lacquer. The objection to ammonium sulphide , 
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1b tbe great care necessary In handling, as tt leaves an Indelible ataln 
upon the fingers, and also has a very obnoxloiu odor. The ammoDlum 
sulphide also decomposes tn time, depoaltlng sulphur. It ataould be 
kept In a dark-colored bottle provided with a glass stopper. It is not 
good for brass, being adapted only Tor copper. 

Another solution for coloring copper which yields very good results 
Is: 

Copper nitrate 1 part 

Water 3 parts 

This forms a deposit of copper salt, and. If heated, the salt is de- 
composed Into a black copper oxide. The greenish tints are obtained 
by the following solution: 

Ammonium carbonate 2 ounces 

Ammonium chloride 2/3 ounce 

Water 16 ounces 

This solution gives good results on both copper and brass, different 
colorings being obtained by repeated dippings In the solution, allow- 
ing ample time between each for the articles to properly dry. 

Many varieties of color can be obtained by different chemical solu- 
tions on both copper and brass, but the desirable colors for commercial 
use are dead hiack and steely gray. 

The following mixture has also given very good results for brass: 
hydrochloric, or more commonly termed muriatic acid, white arsenic, 
and silver. 

Take any given quantity of arsenic, say ^ ounce, dissolve It in 
strong muriatic acid, and then snip off a small piece of a silver dime, 
if no other silver Is at hand. Heat the article to a dull red and dip 
tt in the solution; then allow It to remain until cool. This produces 
the dull black result so often seen on mathematical Instruments. The 
steely gray is obtained In the same manner, except that the article Is 
not heated to such a high temperature as in the preceding case. By 
the arsenic solution many good results are obtained by cold dipping 

In every case where chemical solutions are used, It is well to re- 
member that the slower the rate of deposition the better the results 
from the wearing standpoint; hence, the longer a dilute solution takes 
' to deposit its coating, the better the color will last, and that Is, of 
course, a very desirable quality. Tn Chapter III Is given a more com- 
plete review of the whole subject of coloring non-ferrous metals. 

CleBnlDB- Old Brass and Copper 

In conclusion. It will be well to touch upon the method of cleaning 
old brass or copper from Impurities. The brass articles are strung on 
a wire, M-hlch should be of the same material as the articles, and 
dipped In the following solution: 1 part nitric acid, 6 parts muriatic 
acid (hydrochloric acid), and 2 parts water. 

The articles are flrst dipped In a strong hot solution of soda in 
water, and then into the bath, where they are swirled around for a 
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time, removed and rinsed In cold water and dried In sawdust II the 
metal looks dark and Ib not quite bright, the nitric acid In the solu- 
tion should be reduced. Where manr pounds of small brass flttlQgs 
are to be treated, they are put In an earthenware pot containing 
numerous perforations. 

Zlac Is often cleaned by dipping Into a solution of 16 parts water and 
1 part oil of sulphuric actd, for a few moments, and then washing It 
thoroughly to remove all trace of the batb. 

Colorlnir Iron and Btsel 

The coloring of copper and brass, especially copper, Is for Its artistic 
value alone; but from the purely commercial standpoint the coloring 
of iron and steel Is of greater value, because it is used for so many 
machine parts and parts of guns, smalt arms, etc., which are treated 
to produce a blue or black color for the purpose of preserving the 
metal against corrosion, as well as to give It a handsome appearance. 

The following solution will give very satisfactory results with Iroo 
□r steel If carefully treated: Take equal parts of potassium nitrate 
and sodium nitrate and fuse by heating mixture until completely 
melted. The melting point of the mixed nitrate salts Is about 600 
degrees F. Dip the articles first In boiling lye or strong hot soda 
water to thoroughly cleanse them from grease; then dip them In the 
hot mixed nitrate flux, and from there remove them into boiling 
water to rinse off the nitrate. Different temperatures of the solution 
will produce different shades of coloring, and sometimes It will be 
found advisable to use the flux at a temperature as high as TOO 
degrees F. 

In many cases where hardened articles are to be treated It would 
not be possible to bring the steel to the desired color by this process, 
because the temperature of the fused nitrates would be so high as to 
draw the temper of the articles. In such cases the old nitric acid 
rusting process is generally resorted to. The nitric acid Is placed In 
an earthenware Jar and inclosed In a box that can be made practically 
tight by closing the ltd. The article Is suspended In the box and the 
lid closed, and the fumes arising from the acid oxidize the surface of 
the article! If the article Is moistened before placing It In the box, a 
very much more rapid oxidation Is assured, saving considerable time. 

Many experiments have been tried with different mixtures for color- 
ing Iron and steel, where there Is danger of drawing the temper of the 
metal; of these the following has proved very successful: A woodeA 
box Is used, of a size according to the kind of work to be colored. A 
smalt steam pipe connects with tbe box, so that a quantity of steam 
may flow Into It continuously and moisten the air In the box. A bath 
made of the following Ingredients Is then placed in the box: 

Iron chloride (muriate tincture of steel) 1 ounce 

Alcohol (spirits ol wine) 1 ounce 

Corrosive sublimate (mercury bichloride) y^ ounce 

Strong nitric acid Vi ounce 



Blue stone (copper sulphate) ^ ounce 

Water i quart 
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The vapor arising from this bath forma a depoalt on the articlea, 
which are allowed to remain In the receptacle a number of hours and 
rubbed oS with a cloth; the operation la repeated If a darker color la 
desired. Veiy rich coloring can be obtained by this process, after a 
little experlmentlnK, and the temper la not affected. Many other 
methods are Included In the detailed descriptions dealing with the col- 
oring of Iron and steel given fn the next chapter. 



A quick method of removing rust from steel parts, which Is not 
generally known, la outlined tn the following: Rub the surface of the 
piece of work from which rust ts to be removed with muriatic acid. 
A convenient way to do this ts to dip a match or other small stick 
Into the acid and rub it over the surface of the work. Tble procedure 
Is continued for several minutes, dipping the stick In as often as neces- 
sary to obtain a sufficient quantity of acid. After this treatment has 
been completed, the work should be washed with a solution ot com- 
mon washing aoda and water and then dried in sawdust. This wilt 
leave the work free from ruat and scratches, but with a dull gray sur- 
face. The surface of the metal can be restored to Its original color by 
a little rubbing. In one factory this method has been used tor several 
years with euccessful results. 

Vamlahhv and Laoaoarlns 

Varnishing and lacquering, as being somewhat apart from tbe sub- 
ject matter, will be treated very briefly. The method cannot be used 
to produce an artistic color effect, but ts nearly always used for pro- 
tecting the surfaces of instruments and machines from discoloration 
by atmospheric Influence. In nearly every Instance lacquering is used 
only on metal alloys. It might be well In this connection to note the 
discoloring tendencies ot metals In alloys, as given by n noted German 
authority. The dlecotorlng action upon metals takes place to the 
greatest extent upon tin and 'the least upon gold. In the following 
list of metals the action becomes less from the first to the last: 1. 
Tin; 2, nickel; 3, aluminum; 4, manganese; 6, Iron; 6, copper; 7, 
line; 8, lead; 9, platinum; 10, silver; 11, gold. 
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CHAPTER n 



OOLOBINO ntON AND STEBL PRODUOTS 

There are three ways In which to produce colore on metals, namely: 
First, by heat-treatment; aecond, by dipping In a bath; third, by 
electro-plating. Often two of these methods are used In comblna' 
tlon. A fourth might be added, that of brushing or rubbing a powder, 
or liquid, onto the piece to be colored. This Is so similar to the 
dipping process, however, that It can be classed under that head. 
None of these metal -coloring proceBses can be learned from a few 
receipts that may be printed. Metal coloring Is In reality a trade In 
Itself and must t>e learned. 

Some ol the solutions get weaker with use, and the last article 
treated will be ol a dllTerent color from the first Nearly all of the 
coloring materials have dlKerent effects on cast Iron, wrought Iron 
and malleable Iron and will produce different shades. If not different 
colors. The chemical composition of the steels Is so varied that no set 
of rules will apply to all steels. Likewise the preparation of the metal 
before coloring and the treatment given It after coloring must be 
changed to suit the kind of metal being colored. Hence It Is neces- 
sary to know the metal that is being worked upon. It la always best 
to first experiment with a few pieces and see If uniform results are 
being obtained. It la a good rule not to treat mlBcellaneous steel 
pieces by the one coloring process, although some of the plating 
processes that deposit heavy coatings might be relied upon. 

Prapartng' Work lor Ool<MiiiB 
Preparing the work for the coloring operation Is of the most vital 
Importance. It Is absolutely necessary to remove all grease, and the 
removal of all other foreign substances for the surfaces to be colored 
Is of Just as much importance. In fact, only the clean metal surface 
should present Itself to the coloring materials, no matter what their 
nature may be. When all the layers of oxide, grease, dirt, etc., have 
been removed the entire exposed surface can be given a uniform color 
and a quantity of pieces will be the same shade If the other conditions 
are properly looked after. 

Bust-Drool BlACk Tlnlab 

When a rough surface, such as is presented by castings, forgings, 
etc.. Is to be given the rust-proof black finish, sand blasting Is the 
quickest and cheapest method of cleaning the work. In this black 
finish the metal Is oxidized and coated with black magnetic oxide of 
Iron. One method of producing this Is to beat the work to a red heat 
In a muffle furnace in the presence of steam and hydrogen gas. A small 
amount of gasoline, Injected with the steam, Improves the color. The 
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work should be subjected to red heat In the muffle for about an hour. 
It the work Is given a thlD coating of linseed oil after It has cxraled 
off the color will be deepened and present a smoother appearance. 

This coating Is quite bard and not easily worn away, and 1b a dead 
black. It Is tree tram the red oxide that has spoiled so much work of 
this kind. The hydrogen gas Is generated by passing steam over red 
hot Iron chips or turnings. Cast Iron, malleable Iron and Bt«el may 
all be given this black finish. The principle on which It Is based is 
that of giving the surlace all the oxide It will take up so that the 
oxygen In the air cannot reach It and cause corrosion. Tests have 
shown tt ta resist this action for many years and the color to be 



BlaclE Oil Flnlsb 

Black oil finish Is produced by heating the work to a bright red; 
then quenching It In lard oil, afterward putting It back In the furnace 
to burn the oil off, and then quenching It In water. The oil must be 
kept cool and the water clean. A thin coat of linseed oil applied to 
the black gives the same results as described above. This coating Is 
not durable hut It will prevent rusting until the goods are sold, and 
Is useful tor such tools as can be heat-treated In the same operation. 
OuD-metal Finish 

Gun-metal finish Is based on the same fundamental principle aa 
the black finishes described above but le a great Improvement over 
them and applicable to a finer class ot work. For this work, as well 
as for the browns, blues or other One colors that are produced on pol- 
ished surfaces, the pieces must be cleaned by methods that will not 
Injure these surfaces, as does the sand blast. 

Grease and dirt are readily removed by boiling the work in a solu- 
tion of one pound ot potash to one gallon of water. This turns the 
grease to soap, which Is absorbed By the water, and the dirt tails off 
trom the work. The potash wltl last a long time and the water can 
be replenished as It bolls away. When exhausted, the bath can be 
renewed by adding freeh potash. On small work, or a tew pieces, stir- 
ring about In benzine or parafflne will remove the grease and dirt. If 
used continuously three vessels should be provided. In the first the 
bulk of the grease would be cut trom the work; In the second the bal- 
ance ot It would be cleaned off; and the third should be kept clean 
to remove any particles that might still remain. The first two could 
contain parsfflne and the third benzine. 

After this cleaning the pieces should be washed with clean water 
and thoroughly dried. If boiling water Is used they will dry in the 
air; II cold water is used clean sawdust Is effective for drying them. 
The work should never be touched with the bare hands as the fingers 
are likely to leave grease marks. 

Plokllnv pr«paratory to Coloring 

Scale, oxide, etc., are not removed by the above washing methods 
and hence a pickling in acid solutions Is required. One part at sul- 
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phurlc acid to twenty parta of water Is often used for Iron. This mix- 
ture leaves the work dork colored and sometimes It has a different 
appearance at the edges. To make the work bright, the following 
pickling solution should be used; Dissolve two ounces of zinc In one 
pound of sulphuric acid and mix this with one gallon of water; then 
add one-half pound of nitric acid. The volume of the bath should be 
twenty times tbat of the work, to prevent it from becoming weakened 
too soon. The glassy patches on cast Iron, which are usually iron sili- 
cate, can be removed by hydrofluoric acid. 

After pickling, the solution should be thoroughly washed off and the 
work brushed with steel scratch brushes revolving at from 600 to lOOO 
R. P. M. Cleaned work can be protected from rusting by keeping it 
immersed in water containing some caustic alkali until it is needed. 
Caustic soda and sodium carbouate are both effective for this purpose. 

Polished Bteel surfaces can be pickled by Immersing them. In con- 
tact with a piece of clean zinc. In a moderately strong solutiOD of the 
acid potassium sulphate and water. Hydrogen gas is liberated when 
the zinc decomposes the solution and this removes the oxide of Iron 
or rust from the steel. Another good pickling solution for steel is 
made of twenty parts hydrochloric acid and eighty parts water. Iron 
and steel can also be pickled white, la concentrated nitric acid to which 
has been added some lampblack. After pickling, the work should 
always be thoroughly washed and scratch brushed. 

Other Qnn-metal BsoeiptB and Methods 

Several different chemical solutions have been used successfully In 
givlDg steel the gun-metal finish or black color. Among these are the 
following; Bismuth chloride one part, copper chloride one part, 
mercury chloride two parts, hydrochloric acid six parts and water 
fifty parts. Ferric chloride one part, alcohol eight parts and water 
eight parts. Copper sulphate two parts, hydrochloric acid three parts, 
nitric acid seven parts and perchlorlde of Iron eighty-eight parts. 
Other solutions have been prepared from nitric ether, nitric acid, 
copper sulphate. Iron chloride, alcohol and water, and from nitric acid, 
copper sulphate, iron chloride and water. 

Applying these and Bnlshing the work Is practically the same In 
all cases. The surface of the work Is given a very thin coating with 
a soft brush or sponge that has been well squeezed, and Is then al- 
lowed to dry. If put on too thick the surface will be unevenly cor- 
roded and white spots will appear. The work is then put Into a closed 
retort to which steam Is admitted and maintained at a temperature 
of about 100 degrees F. until covered with a slight rust. It is then 
boiled In clean water for about nfteen minutes and allowed to dry. A 
coating of black oxide will cover the surface, and this Is scratch 
brushed. After brushing, the surface will show a grayish black. By 
repeating the sponging, steaming and brushing operation several 
times a shiny black surface will be obtained that Is lasting. For the 
best flnishes these operations are repeated as many as eight times. 
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Another process employs a solution of mercurj- chloride and am- 
monium chloride which Is applied to the vork three times and dried 
each time; a solution of copper sulphate, ferric chloride, nitric acid, 
alcohol and water Is then applied three times and dried as before; a 
third solution of ferrous chloride, nitric acid and water. Is applied 
three times and the work boiled In clean water and dried each time; 
the third and last solution at potasBtum chloride U then applied and the 
work boiled and dried three times. The work is then scratch brushed 
and given a thin coating of oil. Ordnance for the French Government 
was treated In this way. 

The above methods are useful for hardened and tempered steels, as 
they are only heated to about 100 degrees F. and this temperature 
does not draw the hardness. For steels that will stand GOO degrees 
temperature without losing the desired hardness, better and much 
cheaper methods have been devised. 

The color does uot form a coating on the outside, as with the other 
processes, but a thin layer of the metal Itself la turned to the proper 
color, which should make the color wear well. By varying the tem- 
perature of the furnace, the time the work is in It, and the chemical, 
different colore can be produced from the light straws to the browns, 
blues, purples and black, or gun-metal flnish. Rough or sand-blasted 
surfaces will have a frosted appearance, while smooth, polished sur- 
faces will have a shiny brilllaat appearance. 

A variety of colors can be produced on Iron and steel by immersing 
the pieces, for different lengths of time, in a boiling hot solution of 
the following composition: Lead acetate flfty grains, sodium thlosul- 
phate llfty grains, water five fluid ounces. A hair-hour Immersion will 
make the work black and a shorter time will make It steel-gray, blue, 
mixed purple and blue, purple, dark brown and light brown. By con- 
trolling the time, the desired color can be obtained. These colors are 
very beautiful but fsde quickly. A coat of lacquer on top of the color, 
however, will preserve them for years. On top of a nickel plating these 
colors are exceptionally brilliant. 

Colorlnir Steel br Heat 

Producing colors on steel by heat- treatment is almost too well' 
known to comment on here, and has already been referred to in the 
previouB chapter. Suffice It to say that 430 degrees F. produces a 
faint yellow, 460 degrees dark yellow, 490 degrees light brown, 600 
degrees dark brown, 620 degrees light purple, 540 degrees dark purple, 
660 degrees light blue, 680 degrees dark blue. 600 degrees blue green 
and 620 degrees black. By mixing potassium nitrate and sodium 
nitrate In an Iron pot and melting them, the bath can he maintained 
at any of these temperatures. By Immersing the work In this bath 
until it absorbs Its temperature and then cooling It, any of these colors 
can be obtained. The work can be cooled by plunging It Into boiling 
water and the coating of salt removed at the same time. A thin coat- 
ing of these salts sticks to the steel and prevents the oxygen in the 
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atr trom attacking the metal and altering tbe color while It U being 
traDBferred from tbe nitrate bath to tbe boiling water. The con- 
tained heat will dry tbe work when removed from tbe water. 
Brownlnff Iron and Steal 

A good brown color can be obtained as foUowB: Coat the ateel wlUi 
ammonia; dry it In a warm place; then coat with muriatic or nitric 
acid; dry In a warm place; then place In a aolutlon ot tannin or gallic 
acid; and again dry. The color can be deepened by placing the work 
near the Are, but It should be withdrawn the minute the desired shade 
Is reached or It will turn black. 

Tbe U. S. Government adopted the following formula for browning 
gun barrels: Alcohol three ounces, tincture of Iron three ounces, cor- 
roBlve sublimate three ounces, sweet spirits of niter three ounces, blue 
vitriol two ounces, nitric acid one and a half ounce and warm water 
two quarts. Tbe solution Is applied with a sponge, allowed to dry for 
twenty-rour hours, and after tbls tbe loose rust Is removed by scratch 
brushing. A second coat Is given in the same manner. After that the 
piece Is boiled In water and dried quickly. A thin coat of boiled lin- 
seed oil or lacquer Is then put on to preserve the color. 

Another process for browning Iron and steel consists of dissolving 
four ounces of copper sulphate in two quarts of water and then add- 
ing one ounce of nitric acid, one ounce of spirits of niter, two ounces 
of alcohol and one ounce of ferric chloride. Scratch brushing and 
rubbing with a piece of smooth bard wood will polish and burnish the 
work and a coat of shellac or lacquer will preserve the color. Rub- 
bing with the polishing wood will give the lacquer or shellac a pol- 
ished surface. 

A solution that may be used* in place of the above Is spirits of niter 
one ounce, copper sulphate one ounce and water twenty ounces. This 
must be allowed to remain on the work for twenty-four hours and then 
brushed off with a a tiff brush. The operations can be repeated 
enough times to get the depth of color desired. 
To Produce BroilEe-Ilke Color 

A warm bronze-like color can be produced by exposing iron or steel 
to the vapors of heated aqua regla, dipping them in melted vaseline, 
then heating until the vaseline begins to decompose and wiping it oft 
with a soft cloth. 

Another method of producing this bronze-brown color Is to slightly 
heat the work, cover the surfaces evenly with a paste of antimony 
chloride, known as "bronzing salt," and let It stand until the desired 
color Is reached. It cun be made more active by adding a tittle nitric 
acid. 

Still another bronzing process consists of soaking the work for 
some time in an acid solution of ferric chloride, then vigorously 
moving it about in hot water and allowing it to dry, and finally brush- 
ing with a waxed brush. The oxygen, liberated by the decomposition 
ot the water, combines with the Iron and forms a dark layer of oxide. 
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To Produoe Oray Oolor 
A gray color can be obtained hj Immersing the work In a beated 
solution of ten grains of antlmonj chloride, ten grains of gallic acid, 
400 grains of ferric chloride and five fluid ounces of water. This Is 
doubtless due to the antimony. The first color to appear Is pale blue 
and this passes through the darker blues to the purple and Anally to 
the gray. Thus If Inunersed long enough the metal will assume the 
gray color, but if not any ot the Intermediate colors may be produced. 
Used cold It Is also one of the bronzing eolutiane. 

The Niter rroeaon for BIulus' Iron and Steol 
This process was first brought to the notice of the public in a paper 
read before the American Society of Mechanical Engineers, by Mr. 
William H. Welgbtman In 18S6. This method produces a beauUfuI 
color and may, therefore, be ot general Interest The process la very 
simple, the niter (nitrate of potash, often called ealtpeter) le melted 
In an Iron pot and heated to about 600 degrees F. The articles to be 
blued are cleaned and polished and then Immersed In the molten niter. 
In which they are allowed to remain until the desired color has been 
obtained In a uniform manner. Only a few seconds are required, or, 
in general, only the length ol time necessary tor the articles to arrive 
at the heat of the niter. The articles are then removed and allowed 
to cool, after which they are immersed In water and the adhering 
niter washed oft. Articles which will not warp or twist may be im- 
mersed in water Immediately after having been removed from the 
niter. After the cleaning process the articles are dried in sawdust 
and then oiled with suitable oil, such as linseed, to prevent them 
from rusting. If a uniform color is to be attained continuously, a 
pyrometer should be used to control the temperature of the beated 
niter, because a higher heat than SOD degrees F. will produce a dark 
color, while a lower heat will make the objects light 

The niter process can scarcely be called suitable for small articles 
on account of Its cost Niter Itself Is not expensive, but the pieces 
must be dipped carefully In order to obtain the desired color and 
the handling In washing them off afterwards and drying them makes 
the cost per piece high. It Is. therefore, used mostly for medlnm- 
slzed and large work. 

MottUnK 

The mottled colore can be produced by heating the steel pieces to 
a good cherry red for several minutes In cyanide of potassium, then 
pouring the cyanide oft and placing the pot of work back In the Ore 
for Ave minutes and then quickly dumping the contents Into clean 
water. To heighten the colors the work should afterward he well 
bolted in water and oiled whUe hot. This also carbonizes the work 
and larger lots could be handled In the regular carbonizing furnaces. 



DiqitizeabyGdO»^lc 



CilAPTER III 



OOLOBZNa KON-FBBBOUS MBTAI.S AND AI.LOTS 

Id thickly Inhabited sectlone a great deal of coal gas Ib burned. 
More or less ot the products of combuetlon, together with the gases 
arlBing from the maDutacture of other materlaU, eta; In the atmos- 
phere and glre to hraas and bronze objects a dark, dirty color by 
attacking their Hurfaces. The oxygen and moisture In the atmosphere 
also give these metala or alloys a dlsasreeable color. Hence coloring 
or coating Is also resorted to for the purpose of enhancing and pre- 
serving the original beauty of the metal. Sometimes rich and beauti- 
ful browns and greens are produced on copper alloys that have been 
subjected to atmospheric conditions for years. Therefore these con- 
ditions have been studied and chemical means have been found for 
producing the colors quickly and on a commercial scale. 

Copper Is more susceptible to coloring processes than any of the 
other metals, and hence the alloys containing large percentages ot 
copper are readily given various shades of the yellow, brown, red, 
blue and purple colors and also black. Alloys with smaller percentages 
of copper, or none at all. Can be given various colors, but not as 
easily as If copper were the principal Ingredient, and the higher 
the copper content, the more readily can the alloy be colored. The 
shades, and even the colors, can be altered by varying the density 
ot the solution, its temperature and the length of time the object Is 
Immersed. They can also be altered by finishing the work In dif- 
ferent ways. If a cotton buff Is used one shade will be produced; 
a scratch brush will produce another, etc. Thus to color work the 
same shade as that of a former lot all the data In connection with 
these operations must be preserved so they can be repeated with 
exactness. 

Many different kinds ot salts are made into solutions tor the coloring 
processes. When capable of producing the desired results It Is always 
best to use the simple salts. It Is often necessary to combine two or 
more salts In the solution to get the required color, but these de- - 
terlorate in strength much more rapidly than the simple salt solu- 
tions and hence the last piece immersed will have a lighter color than 
the flrat one. When adding salts to bring back the original strength 
ot the bath, they should first be dissolved In a small amount of water 
to prevent thetr settling to tbs bottom where they might become 
covered with an insoluble mud that would prevent them from being 
dissolved. In making the solutions It should be remembered that 
a strong solution will produce the color quickly and a weak solution 
more slowly. When a uniform coating can be produced the strong 
solution is always the best owing to the time factor. The most ef- 
fective and lasting results, however, are obtained with the weaker 

Tc 
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BolutlODB, and hence they are used tor blgb-grade work. While these 
solutions are olten used cold, there are many cases where better 
results can he obtained wbea they are heated. Raising the bath to 
the bolllns point will insure a complete solubility of the salt 

Olaanlnc Work to be Oolor«d 

Cleaniag the work Is of the utmost Importance before attempting 
to give it any kind of color, A greenish or brownish film forma 
on copper, brass, bronze, etc., when they stand, as they are attacked 
by the moisture In the air and the simultaneous presence of carbonic 
acid which graduall; changes Into carbonates. This film is a mixture 
of carbonate of copper and oxide. Often sulphur compounds are 
formed when the atmosphere U Impregnated with the products of 
combustion arising from the coal gas burned in cities and towns. 
This Is nearly always stronger In rooms than in the open. If tbeae 
films are not removed before coloring they show np as stains and 
the work will be streaked or spotted. Touching tbe work with the 
bare hands after it is cleaned will also leave a slight film that will 
make the work spotted, and hence it should be strung on wires or 
handled In other ways that will prevent it from being touched with 
the hands. 

Several acid dips can be made that will remove these films and 
leave the bright clean metal with its original smooth surface. Work 
that will stand heating can be heated to a dull red and then plunged 
Into dilute sulphuric acid, after which It should be soaked in old 
aquafortis and then thoroughly rinsed. It should be soaked long 
enough to have a uniform metallic appearance, and the batb should be 
large enough In volume to prevent Its heating up from the hot work. 
The best results are obtained with straw-colored aquafortis, as the 
white Is too weak and tbe red too strong. In diluting the sulphuric 
acid it should always be poured Into the water slowly, as heat is gen- 
erated, and too rapid mixing generates so much heat that the con- 
taining vessel Is liable to crack and the escaping liquid to cause bums. 
To pour water Into sulphuric acid will cause an explosion that Is almost 
sure to result In serious, if not fatal, burns from the flying liquid. 

A good method of removing these Alms, without heat. Is to soak the 
work in a plchle composed of spent aquafortis until a black scale is 
formed and then dip It for a few minutes Into a solution composed 
of 64 parts water, 64 parts commercial sulphuric acid, 32 parts aqua- 
fortis and 1 part hydrochloric acid. After that the work should be 
thoroughly rinsed several times with distilled water. If the strong 
aquafortis Is used for the pickle In which the work Is soaked it will 
cause a too rapid corrosion of the copper during the time of the 
solution of the protoxide. Hence the spent aquafortis is better on 
account of Its slower action and it also saves tbe cost of new. A dip 
that is useful for removing the sand, etc., that sticks to castings ts 
composed of 1 part spent aquafortis, 2 parts water and 6 parts 
hydrochloric acid. A tew minutes will suffice for small pieces, but 
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large castings can remain In tbe bath for thirty minutes. They 
become coated with a black mud and when this 1b thoroughly washed 
off they should be bright 

If a further wbltenlng of the work Is desired a solution may be 
made by mixing 3 pounds nitric acid, 4 pounds sulphuric acid and 
40 grains aodlum chloride (table salt), combining this with 40 times 
Its bulk of water and allowing It to cool before using. If a dead 
surface fs desired the following mixture can be added to the bath: 
2 pounds nitric acid, 1 pound sulphuric acid, ID grains sodium chloride 
and 40 grains zinc sulphate. The degree of dendness la determined 
by the length of time the work la left In the bath. As 'nlth all other 
solutions, the work should be well rinsed after leaving the bath and 
then thoroughly dried. Another dead dipping bath can be made from 
one part of a concentrated solution of potassium bichromate and two 
parts of concentrated hydrochloric acid. Many other combinations of 
chemicals may also be made for cleaning or whitening the work or 
giving a dead finish after It has been colored, but those given above 
will sulBce for the present 

Brlsiit OaBtlngB 

The bright clean color sometimes seen on bronze *caetiogB has been 
thought by many to be the result of an acid dip. This has been 
produced, however, by plunging the castltigs Into water while they 
are still red-hot It Is seldom that brass castings can be given this 
color as they usually contain too much lead. Likewise the bronze 
castings must be free from lead as well as iron, antimony or other 
Impurities, and the water Into which they are plunged must be clean, 
or a dirty, unpleasant color will be the result The castings must 
also be as hot as possible when quenched. If too hot the metal will 
be brittle and hence the highness of the temperature is governed by 
the toughness that Is desired In the casting, but If quenched after 
they have cooled too much the color will be dull. Copper ingots can 
be given a beautiful rose-red color by this method. 

To Produo* Yellow to Oranare Colors 
Polished brasa pieces can be given a color from a golden yellow to an 
orange, by immersing them for the correct length of time in a solu- 
tion composed of 5 parts caustic soda to 60 parts water, by weight, and 
10 parts copper carbonate. When the desired shade la reached the 
work must be well washed with water and dried In sawdust Ootden 
yellow may be produced with the following: Dissolve 100 grains lead 
acetate In 1 pint water and add a solution of sodium hydrate until 
the precipitate which first forms Is redissolved, and then add 300 
grains red potassium ferrl-cyanlde. With the solution at ordinary 
temperatures the work will assume a gold^ yellow, but heating the 
solution darkens the color until at 125 degrees F. It has changed to 
a brown. A pale copper color can be given brass by heating It over 
a charcoal flre, with no smoke, until It turns a blackish brown, then 
immersing in a solution of zinc chloride that Is gently boiling, and 
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flnally wafihlng Ihoroughtr In water. Dark yellow can be obtained 
by immeralQK for Ave minutes In a saturated solution oC common 
salt containing some free bydrocUortc acid and which has as much 
ammonium aulphide added as tbe solution will dissolve. 

To Froduofl a Rich Gold Color 

A rich Kold color can be given brass by boiling It In a solution 
composed of 2 parts saltpeter, 1 part common salt, 1 fart alum. 21 
parts water, by weight, and 1 part bydrvchlorlc acid. Another method 
is to apply to the work a mixture of 3 parts alum, 6 parts saltpeter, * 

3 parts sulphate of zinc and 3 parts common salt The work is then 
heated over a hot plate until it becomes black and then washed with 
water, rubbed with vinegar and again washed and dried. Still another 
solution is mode by dissoWlng 150 grains sodium thlosulphate In 300 
grains water and adding 100 grains of an antimony chloride solution. 
After boiling for some time the red-colored precipitate must be Altered 
off, well washed with water and added to 4 plats of hot water. Then 
add a saturated solution of sodium hydrate and heat until the pre- 
cipitate Is dissolved. Immerse the brass articles In the latter solu- 
tion until they have attained the correct shade. If left In too long 
they will be given a gray color. 

To Produce WUte Colors or OoBtlnira 
The white color or coating that Is given to such brass articles as 
pins, hooks and eyes, buttons, etc., can be produced by dipping them 
in a solution that Is made up as follows: Dissolve 2 ounces line grain 
silver in nitric acid, then add 1 gallon distilled water and put Into 
a strong solution of sodium chloride. The silver will precipitate In 
the form of chloride and this must he washed until all traces of acid 
are removed. Testing the last rinse water with litmus paper will 
show when the acid has disappeared. Then mix this chloride of 
silver with an equal amount of potassium bltartrate (cream of tartar) 
and add enough water to give It the consistency of cream. The work 
is then Immersed in this and stirred around until properly coated, 
after which It is rinsed In hot water and dried In sawdust. 

SllTerlnff 
Another method of silvering that is applicable to such work as gage 
or clock dials, etc., consists of grinding together In a mortar I ounce 
very dry chloride of silver, 2 ounces cream of tartar and 3 ounces 
common salt Then add enough water to make It of the desired con- 
sistency and rub it on the work with a soft cloth. This will give 
brass or bronze surfaces a dead white thin silver coating, but U will 
tamlsh and wear If not given a coat of lacquer. The ordinary silver 
lacquers that can be applied cold are the best The mixture as it 
leaves the mortar, before adding the water, can he kept a long time 
if put In very dark colored bottles, but If left where It will be attacked 
by light It will decompose. ■ 

glc 
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AsaorMd Colors 

Some very Interesting reaulta In coloring brass can be obtained 
by dlBsolvlng 200 gralnB sodiam thloaulphate end 200 Bralna lead 
aeetaU in I pint water and heating It to from 180 to 195 degrees F. 
ImmeratDg the work la this tor Ave eeconda will make it pate gold; 
flfteen seconds, brown gold; twenty-five seconds, crimson; thirty sec- 
onds, purple; lorty-flve seconds, an Iridescent bluish crimson green; 
' sixty seconds, pale blue; Blzty-five seconds, mottled purple; eighty 
seconds, nickel color; eighty-five seconds, mottled blue and pink; 
one hundred and ten eecoDds; mottled purple and yellow; two and 
one-half minutes, pale purple; four minutes, mottled pink ajid yel- 
low; Ave minutes, mottled gray; ten minutes, mottled pink and light 
blue. Other combinations of colors can also be obtained, but some 
ol these fade and change color unless protected by a coat of lacquer. 
By using one-quarter ounce of sulphuric acid in place of the lead 
acetate a variety of colors can also be produced, but they will not be 
H.S good a quality as those made with the above solution. Nitrate 
ot iron can also be used. 

To Produoo Or^y Oolora 

A solution of 1 ounce of arsenic chloride in 1 pint of water will pro- 
duce a gray color on brasa, but If the work is left in too long It will 
become black. The brass objects are left in the bath until tb^ have 
assumed the correct shade and then are- washed in clean warm water, 
dried In Bawdust and Anally In warm air. A dark gray color that 
can be made tighter by scratch brushing can be obtained hy Immers- 
ing the work In the following solution: 2 ounces white arsenic oxide, 
i ounces commercially pure (c. p.) hydrochloric add, 1 ounce sul- 
phuric acid and 24 ounces water. A steel gray can be produced with 
the following; 20 ounces arsenlous oxide, 10 ounces powdered copper 
sulphate, 2 ounces ammonium chloride and 1 gallon hydrochloric acid. 
After mixing, this should stand for one day. A 5 per cent solution of 
platinum chloride in SG per cent water will also produce a dark gray 
color it it is painted on and the brass Is warmed. Weaker solutions 
will make the color lighter. Copper can also be colored, but the 
platinum does not adhere as firmly to the surface as It does on brass. 
A coating of lacquer Is required to make It permanent. By ameartng 
the work with a mixture of 1 part copper sulphate and 1 part zinc 
chloride in 2 parts water and drying thia mixture on the brass, with 
heat, a dark brownish color Is obtained. If desirous of Immersing the 
work a weaker solution could be used. The color Is changed very 
little by exposure to light 

To Produce Ulao Blue and Violet Colors 

The lilac shades can be produced on yellow brass by Immersing the 
work in the following solution when heated to between 160 and ISO 
degrees F. Thoroughly mix 1 ounce chloride, or butt^, of antimony 
Id 2 quarts muriatic acid, and then add 1 gallon water. 

To give brass a blue color dissolve 1 ounce antimony chloride In 20 
ounces water, and add 3 ounces hydrochloric acid. Then warm thc|c 
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work and Immerse it In this solution until the desired blue ie obtained. 
After tbat, wash it in clean water and dry In sawdust A permanent 
and beautiful blue-black can be obtained by using Just enough water 
to dissolve 2 ounces copper sulphate and then adding enough am- 
monia to neutralize and make It slightly alkaline. The work must 
be heated before tmmeralon. Copper nitrate, water and ammonia will 
also yield this rich blue-black, but If the brass is Tery highly heated 
after Immersion It ctaanges to a dull steely black. On copper or work 
that Is copper-plated this latter produces a crlmaoii color. 

A beautiful violet color can be produced on polished brass with a 
mixture of two sotutione. First, 4 oonces sodium hyposulphite is dis- 
solved in I quart water, then 1 ounce sugar of lead Is dissolved In an- 
other quart of water and the two are well stirred together. By heat- 
ing this to 175 degrees F. and ImmersiDg the work the correct length 
of time, It takes on the violet color. The work first turns a golden 
yellow and this gradually turns to violet It left a longer time the 
violet will turn to blue and then to green. Thus this same prepara- 
tion can be used for all of these colors by correctly limiting tbe time 
that the work Is lntmersed. 

To pToduoe Qreen Colore 

When left to the natural action of the atmosphere, or ageing, most 
of the brasses and bronzes first turn green, and very decidedly so if 
near the ocean where the moisture from tbe salt water attacks the 
metal. This green color gradually darkens and then turns brown 
and finally black. Some of the shades It assumes are very beautiful 
and hence they have been produced by chemical means, as nature Is 
too alow in its action. So many different chemical combinations are 
used for this purpose tbat it would require a book to enumerate them 
all and hence only a few can be mentioned. Some of the green colors 
can be produced by the solutions given above, but the antique, or rust, 
greens require different mixtures. 

One solution that will produce the verde antique, or rust green, is 
composed of 3 ounces crystallized chloride of iron, 1 pound ammonium 
chloride. S ounces verdigris, 10 ounces common salt, 4 ounces potas- 
sium bitartrate and 1 gallon water. If the objects to be colored are 
large, tbis can be put on with a brush and several applications may be 
required to give the desired depth of color. Small work should be 
immersed and the length ot time It Is Immersed will govern the light- 
ness or darkness of the color. After Immersion, stippling the surface 
with a soft round brush, dampened with the solution, will give It tbe 
variegated appearance of the naturally aged brass or bronze. Another 
solution tbat will give practically the same results is composed of 2 
ounces ammonium chloride, 2 ounces common salt, i ounces aqua- 
ammonia and 1 gallon water. Tbe work may have to be Immersed or 
painted several times to give It tbe desired coating, and after washing 
and drying It should be lacquered or waxed. The Flemi&h flnlsh can 
be given brass with a solution composed of Vt ounce sillphuret of 
potassium, 1 to 2 ounces white arsenic, 1 quart muriatic acid and 10 1 C 
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gallons of water. Tbe acsenlc should be dlaaolved In a part o( the 
acid by heating and then mixed with the balance of tbe acid and 
water. Two ounces sulphuret of potasBium In a, gallon of water may 
aUo be need If it is heated to ISO degrees F. One ounce sulphuric or 
muriatic acid in a gallon of water darkens the color produced by this 
last mixture. 

To Produce Brown Oolora 
Many different shades of brown can be produced and many different 
chemicals are used to form solutions or pastes for this purpose. In 
these liver of sulpbur, either potassium sulphide or sodium sulphide, 
is one of the most commonly used chemicals. One-fourth ounce liver 
of sulphur in 1 gallon water will give bronze a brown color when used 
cold but If heated it is more effective. The depth of the color la gov* 
erned by the length of time that tbe work is immersed. If left In too 
long, however, it becomes black and if too much liver of sulphur Is 
used the color will be black. Copper Is turned black even with the 
weak solutions. To set the color It should afterwards be Immersed in 
water containing a small amount of sulphuric or nitric acid. Brass 
Is not attacked by this solution but If caustic potash is added It causes 
the liver of sulphur to color the brass. Then 2 ounces liver of sulphur 
shouM be added to 1 gallon water and from 2 to 8 ounces caustic 
potash, according to the shade of brown that is desired; the more 
potash tbe darker will be tbe color. A solution composed of ^ 
ounce potassium sulphide in 1 gallon ot water will produce a gray or 
greenish color on brass when cold but when heated to 100 degrees F. 
It produces a light brown; at 120 degrees, a reddish brown; at 140 
degrees, a dark brown; and at 180 degrees, a black color. 

The barbedienne bronze, or brown, color can be produced on cast 
brass or bronze by immersing In a solution made by dissolving 2 
ounces golden sulphuret of antimony and 8 ounces caustic soda In 1 
. gallon water. The work must be properly cleaned beforehand and 
afterwards scratch-brushed wet, with a little pumice stone applied 
when brushing. It must then be well washed and dried In sawdust 
A second Immersion In a solution ot onc'half the above strength will 
have a toning effect, and the work must again be washed and dried. 
The high light can be made to show relief by rubbing the object with 
pumice stone paste on a soft rag. A dead effect can be produced by 
Immersing in a hot sulphuret of antimony solution for ten or fltteen 
seconds, then rewashing and Immersing In hot water for a few seconds 
and drying In sawdust. The work should be lacquered to preserve the 
tones and waxed when the lacquer has become dry and hard. This 
brown color can be darkened by a five-seconds Immersion In a cold solu- 
tion of S ounces sulphate of copper In 1 gallon water. Some other 
processes use two solutions, the first of which Is heated and the second 
used cold, after which the work is rinsed in boiling water. 

To ProduoaBlaok 

There are as many different processes and solutions for blackening 

brass as there are for browning, and consequently only a few can be 
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given. Trloztde of arsenic, white arsenic or arsenlouB acid are dif- 
ferent namea for the chemical tbat Is most commonlj' used. Its use 
can be traced back to the fifth century and It Is the cheapest chemical 
tor prodnclns black on brass, copper, nickel, Qermau silver, etc. It 
has a tendency to fade and a much greater tendency If not properly 
applied, but a coat of lacquer will preserve it a long time. A good 
black can be produced by immersing work In a solution composed of 2 
ounces white arsenic and 6 ounces cyanide of potassium in 1 gallon 
water. This should be boiled on a gas stove. In an enamel or sgate 
vessel and used hot Another cheap solution Is composed of 8 ounces 
sugar of lead, 8 ounces bypoeulphlte of soda and 1 gallon water. This 
must also be used hot and the work afterwards lacquered to prevent 
fading. When Immersed the brasB first turns yellow, then blue and 
then black, the latter being a deposit of eulphlde of lead. 

The ammoQia-copper carbonate solution much used for medals, orna- 
ments, etc, is made by taking the desired quantity of the strongest 
ammonia water and mixing It with an equal amount of distilled water, 
and dissolying carbonate of copper in It until It Is thoroughly satur- 
ated and a little remains undissolved. This Is placed In a stone crock 
and surrounded with water and then heated to from 160 to 170 de- 
grees F. before the work Is immersed. After immersing for a few 
seconds the brass will turn black; it la then removed, rinsed in cold 
water, dried, and given a coat of dead, black lacquer. 

"Haat-BlBOk" Finish on Braos, Bronsa and Copper 

The so-called "heat-black" finish on brass, copper, or bronze is one 
of the new methods of coloring metalH that has recently appeared and 
is one of the most durable. It is adapted for a large variety of work 
and Is even replacing nickel-plated work for some kinds of articles. 
Desk telephone sets are. now being Snlshed in the "heat-black," and In 
many parts of the United States have supplanted the nickel-plated 
article previously used. 

The adaptability of the "heat-black" finish Is wide, and the reader 
will undoubtedly find many new uses for It The color Is an absolute 
dead black, and as It Is not dlfflcult to apply, the future will undoubt- 
edly find it extensively employed. It can be applied to brass, bronse 
or copper. It does not work evenly on steel or Iron. 

The article to be treated should be free from grease, although a slight 
tarnish does no barm. It is usually customary to sand blast the sur- 
face, although very good reeults may be produced without It A sand- 
blasted surface takes an excellent finish, but those who do not possess 
the apparatus for producing It need not have any hesitation in using 
the finish without It, as about the only difference between the results 
Is that the sand-blasted surface Is a little more dead. 

Two stock solutions are first made up. One is a solution of nitrate 
of copper In water, and the other is a solution of nitrate of silver In 
water. The proportions need not be exact, although it Is preferable 
to keep them fairly close. According to the Sraas World, they ore 
mode up as follows: LiOt^^jlc 
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Nttrata of Ooppor OtOatiloa 

Water 1 o». 

Nitrate of copper 1 os. 

Thla gives a practically saturated solution of nitrate of copper la 
water and Is used for a "stock" solution. If desired, the nitrate of 
copper may easily be made by taking 1 ounce of strong nitric acid and 
dlsaoWlng In It all the copper wire it will take up. A thick, blue solu- 
tion Is left wlilcta Is used tor the "stock" solution. Ab few platers 
have nitrate of copper In stock, It can easily be made from the copper 
wire. 

MttmM of Sllvar Solution 

Water 1 ot. 

Nitrate of aUver 1 o«. 

This solution can also be made by dlssolTlng pure sUrer in nitric 
acid until no more will dissolve, but dilute acid (1 part acid and 1 
part of water) should be used as silver does not dissolve readily in 
strong nitric acid. It Is preferable, however, to purchase the nitrate of 
silver as It Is easily obtained. The nitrate of silver solution Is prac- 
tically a saturated solution and Is used as the "stock" solution. 

Ulxed aolutkm tor APDlylnr 
The mixed solution for applying to the metal is made as follows: 

Water 3 parts 

Nitrate of copper solution <,.. 2 parts 

Nitrate of silver solution 1 part 

The solution is kept In a glass or stone-ware vessel for use. 

ApplTbV to Brass or Other Ketals 

The brass, bronze or copper article to be treated is heated on a hot 
iron plate or In an oven to a temperature of about 260 degrees F. and 
the solution applied with a brush or cotton swab so as to cover the 
surface uniformly. The brush should be a rather soft one In order 
to allow the coating to be made In the beet manner. The so-called 
"rubber-set" brushes are the best for the purpose, as there Is no metal 
on them to be atUcked by the aolutlon. 

One or two coatings of the solution on the surface of the article is 
usually enough; It dries almost immediately leaving a green froth. 
The temperature Is not sufflcieutly high to draw the temper of hard 
brass, but It will usually melt soft solder. 

When the entire surface has changed to a uniform black color, allow 
the article to cool and then brush oH the fluffy material on the surface 
of the metal with a stlff-bristJed brush. The color will now change to 
a brownlsb-black that Is quite pleasing for many purposes and which is 
very tenacious. When the fluffy material Is completely brushed off. 
It Is surprising how even and uniform the coating Is and how tena- 
ciously it adheres. If the brown-black flnlsh is desired, the surface 
may now be waxed or lacquered, but it is usually customary to give 
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the article an additional treatment In a liver of Bulpbur solution in 
order to change the brown-black coating to one that Is abeolutely dead 
black. 

Final IMatmem 

When the smut has been brushed oD from the surface of the article. 
It is Immersed In a cold liver of sulphur solution for 6 minutes. This 
solution Is made by dissolving 2 ounces of liver of sulphur in 1 gallon 
of water. The article is Immersed In It, allowed to remain about 5 
minutes and then, without rinsing, is again heated until the surface 
is uniformly black. 

The surface is now brushed again with the bristle brush when it will 
be found that the color is a dead black and quite uniform. It should 
be borne In mind that the article Is not rinsed at all after It Is removed 
from the liver of sulphur solution, but Is simply drained off and then 
heated. 

The article may now be lacquered with a flat lacquer or waxed as 
may be desired. The final appearance of the surface will be found 
quite satisfactory and contrary to what one would natural]]' expect. 
The coating of the solution that is first applied need not be very even 
as long aa a sufficient quantity le put on. 

The process as arranged by steps may be summed up as follows: 

1. Applying the solution to the metal. 

2. Keating on a hot plate or oven until the solution has dried and 
the residue left by evaporation has turned black. 

3. Brushing oft the smut 

4. Immersion for about G minutes tn a liver of sulphur solution. 

6. Drying without rinsing and heating on the plate or In the 

6, Lacquering or waxing. 

If the surface Is not satisfactory, or an old article Is to be reflnlstaed, 
the wax or lacquer may be burned off and the process repeated. 

It is believed that this Is one of the most satisfactory black flnishes 
known, as It is dead black, is readily applied and is very durable. 
It Is calculated to resist considerable handling, such aa a desk tele- 
phone would receive. There are many articles that can well be treated 
by IL 



Solutions that produce the green, brown or black colors are usually 
used when It is desired to oxidize copper, brass or bronze. A dark 
slate green can be produced with a solution composed of 8 ounces 
double nickel salts, 8 ounces sodium hyposulphite and 1 gallon water. 
The color is almost Instantly produced when the temperature of the 
solution Is above 160 degrees P.. but below the boiling point, and the 
articles immersed. After removing and rinsing In water the relief Is 
easily produced with pumice stone or other abrasives. This green . 
color harmonizes well with the metal color. ^IC 
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The browns and blacks are coated on the metal In the eame manner 
ae described under these headings; those solutions that are used 
hot give the best results, as the coating is more tenacious and better 
withstands the bufflng that is necessaT7 when oxidizing the work. 
Many beautiful etfects are produced by these combinations of colors, 
and while it is not difficult to relieve the rough surfaces of cast, 
stamped or pressed articles It requires considerable skill to properly 
relieve turned or polished surfaces. 

MotUinc 
After properly bulling and cleaning the work, a handsome mottled 
effect can be produced by Brst immersing It In a boiling solution com- 
posed of 8 ounces sulphate of copper, 2 ounces sal-ammoniac and 1 
gallon water. This produces a light tally color that soon changes to 
an olive green. The work should be removed when the taffy color ap- 
pears and dipped in a second solution composed of 4 ounces sal-soda in 
1 gallon water and that has the surface covered witb a small amount 
of lard oil or gasoline. After that the work is again Immersed In th« 
flrst solution until the olive-green color Is produced. The oil spreads 
over the surface and prevents the uniform action of the flrst solution, 
and hence the taffy and olive-green colors are mottled together with 
a pleasing effect. The same process might be used with different 
chemical solutions to mottle work wItb other combinations of colors. 

CoIortUK Aluminum 

Aluminum Is the most difficult of metals to color. Heretofore alum- 
inum parts have only been colored by coating them witb lacquers of 
different colors, but a process has recently been patented by Salamon 
Aselrod in Germany that produces different metallic colors. Either 
a neutral or alkaline cobaltous nitrate is made into. a water solution 
into which the articles are dipped, or it may be painted on pieces too 
large to dip. After that the work Is heated and the degree of heat 
determines tbe color. A low temperature produces a steel gray 
color that changes to brown with a higher heat and to a durable and 
permanent dead black when the temperature Is still higher. Zinc, 
tin and other white metals may also be colored with similar cobalt 
salt BolatloDB. 

The gun-metal Onlsb can be given aluminum by immerstug It for 
from six to ten seconds In a cold solution of 12 parts hydrochloric acid, 
1 part chloride of antimony and 87 parts distilled water. After that, 
thoroughly wasb it in running water for several minutes, dry with 
heat and lightly buff with a high-speed wheel. The color penetrates 
the metal and its depth is governed by the length of time It Is im- 
mersed. If immersed longer than ten seconds the solution should be 
weakened, as hydrochloric acid eats the metal. 

Nearly any color can be plated on any of the metals or alloys by 
electro deposition, but tbis Is an art or trade that requires experi- 
enced platera. Electrocbroma Is the name given a new plating pro- 
cess that promises to revotutionlze tbe older methods of plating on 
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colors. It produces any desired shade of green, blue, red, violet or 
yellow and black and white by Immersion in the electrolyte for from 
one-halt minute to two minutes. The work la made the cathode. One 
of Its special features la the coloring of leaded glass. The lead con be 
given any desired color, while the gloss Is not aSected but 1h left clean 
and with a clear luster. Heretofore the lead has been painted by hand, 
which Is a long, tedious Job, often consuming a day or more for one 
piece. It Is also easy to match colors with this plating process and 
they are permanent enough not to require lacquering or waxing. The 
plating processes, however, are separate and distinct from those given 
above, as these do not require an electric current nor the high degree 
of knowledge and skill that goes with the plater's profession. 



CHAPTER IV 



IiATHB BUBNISHING OP METALS 

The burnishing of metale while not requiring the skill of the spinner, 
or the multiple operations or tools used in that craft, still Is a trade 
that is separate and distinct from spinning. Metal burnishing can be 
divided Into three classes: 

1. Hand burnishing of irregular shapes, such as tableware, iewelry, 
belt buckles, metal clocks, ornaments and all metal parts that cannot 
be revolved on the lathe, using steel hand tools of various shapes. 

2. The bnmlshing of small round work In the lathe, such as but- 
tons, ornaments, etc — mostly plated ware that has already been sur- 
faced and Is operated on to brighten only — not requiring the heavy 
pressure of the tool, and being mostly done with blood-stone bur- 
nishers, a natural stone of small size mounted In a steel holder. These 
atones, some of which are very expensive, last for years. 

3. The bumlablng of unfinished or rough work In the lathe, which 
requires smoothing and polishing at the same time; this requires con- 
siderable pressure. The blood-stone burnisher would be ruined on 
this class of work. The tools used are of steel and the handles sre 
short; they are held in the hand only. A strong wrist and muscular 
arm are required tor burnishing, as well as a steady feed ot the tool, 
which is partly accomplished by the movement ot the body. In con- 
junction with the arm and wrist motion; the hand Is steadied by 
being held against the body. 

Burnishing may be described as an economical way to finish, polish 
or brighten the surface ot metal, without wasting any ol the material. 
It Is also a means of strengthening the metal by tempering or harden- 
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ing it; this ie aceompllBhed by pushing the tool over the work, be- 
ginning at Uie [rant end and pushing alwaye againat the chuck. The 
toolpost Is used as a fulcrum and the tool, which is pressed agalDBt the 
work, as a lever. The tool Is given a alight rotary motion, and only 
the thin edge or end la used. 

While the pressure against the work does not seem great, still the 
area In contact with metal is so small, and the speed of the lathe so 
high, being from 3200 to &000 revolutions per minute, that the tool 
leaves a bright mark. The skill of the operator Ifea In passing the 
tool over the metal bo as to leave a continuous bright surface without 
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any trace of the tool marks; to do this the tool must be fed with 
regularity and without overlapping or leaving any dull places. 

After sheet metal Is spun, or drawn in presses, the smooth, even 
surface which It has when It comes from the mills is changed to a 
rough, uneven surface having high and low spots which are hardly 
noticeable to the naked eye, but very easily distinguished under the 
magnifying glaaa. The working operations distend or elongate the 
molecules, and the annealing operation restores them to their original 
shape. Some shells are annealed several times before the burnishing 
operation la reached, besides being pickled after each annealing to 
remove the scale; .this leaves the surface of the metal in a pebbly or 
matted condition, as well as soft and without temper. 

A spun abelt can be gone over with a planiaber, and hardened, but 
the scale and dirt Is crowded Into the grain of the metal, and the 
only May to get a smooth surface la to buff or cut It down until this 
pitted face Is removed thua wasting about 10 per cent of the metal. 
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Tbe spinner can do this In another way, that la by skimming or 
Bhavlns the uneven surface, but even more metal la wasted than by 
buffing, and the shell 1h also weakened by gouging the high places. 
This same shell could be left without polish, and the chuck transFeired 
to tbe burnishing lathe, which runs at much greater Bpeed than one 
used for aplnnlng. After the ahell la dipped bright to remove all 
spinning dirt and scale, It can then be polished to an even surface, tbe 
uneven face of tbe metal being amalgamated or smoothed down to a 
bright surface of tbe proper temper; It is then colored with a cloth 
buff to obtain a perfect finish. The gage or thickness remains tbe 
same as there is no dirt or scale to buff out. 

Burnishing is economical, especially on pressed or drawn w.ork 
made In large quantities, some work being finished at the rate of Ave 
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hundred or more an hour. It la nece^ary to have a metal chuck In 
burnishing, and where the shell has been spun on such a chuck, the 
latter can be used for both operations. Some work can be lacquered 
without coloring on the buff wheel, the only operation after burnish- 
ing being to wash In hat water and dry at once In hot sau'clust. 

A burnishing lathe Is smaller than a spinning lathe, and it has only 
one speed. The countershaft la fastened to the floor under the lathe; 
this 1b necessary on account of the great speed, besides a down-pull of 
the driving belt causes leas vibration than tbe up-puU of a belt from an 
overhead countershaft. The speed of burnishing lathes Is varied for 
different classes of work. In a group of four Icthes It use in one fac- 
tory one la belted to run at 5000 revolutions, two at 4000 revolutions and 
one at 3200 revolutions a minute. Lathes for very large work of 12 
Inches and over In diameter have straight babbitted bearings, with 
a back screw and button to take up the end shake. The babbitt has to 
be renewed about once a year for continuous service, only the best 
grade being used. All threads on the spindles are of one standard size, 
the chucks being Interchangeable for the burnishing and spinning 
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In some Shops It Is customary to Iiave a small stream of water run- 
ning on the work above the chuck, the connections helng hinged, so 
that the stream can be guided above tbe tool. A back center la used 
to hold the work against the chuck. The operator wears a rubber 
apron to protect himself from the flying water, and stands in a shallow 
trough that has a drain. The great speed of the lathe throws off all 
surplus water, leaving oalj a thin flint next to the metal — all that is 
necessary. 

This chapter deacrlbes a method ot burnishing that Is used In many 
shops. The sheila are first dipped In a tank of water, which Is on the 
bench back of the lathe head; they are then held on the chuck by the 
left band, the thumb and first three fingers being covered with canvas 
pads. These pads are dipped In the water and are held opposite the 
burnishing tool and slightly In advance ot it to keep the metal moist. 
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thus leaving no surplus of water to be thrown ofT. The hand also 
holds the work against the chuck Instead of the back center. Some- 
times on large work It Is necessary to dip the pads In the water a 
second time; also where a very fine polish Is wanted It Is necessary 
to pass the tool over the work twice, roughing It down on the first 
pass and finishing It on the second, using the same tool without taking 
It off the chuck. 

Fig. 1 shows the method of using the pads on the fingers and also 
the proper position and angle of the toot, as well as the height of tool- 
post or rest The chuck shown Is S^ Inches In diameter and weighs 
36 pounds; It runs at 4000 revolutions per minute. The shell has been 
gone over twice. 

Fig, 2 shows a burnishing lathe equipped with a split chuck, one 
part being In the tall-spindle and having a roller end bearing. All 
chucks lor burnishing are like the spinning chucks, except that 
greater care must be taken In machining them to have them perfectly 
balanced. 

ng. 3 Is a view of the steady-rests that are used on burnishing 
lathes. These are different from the spinning rests, for while the 
spinner uses only one pin as a fulcrum, changing It from one hole to 
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another as the work advances, the burnlsber uses several plas of much 
smaller elze, ineertlng as manj' pins as he needa positions for the Bweep 
of hla tool. Tbeae plus are about ^ Inch to 9/32 inch In diameter and 
are tapered 2^ degrees on the end which Is Inserted In the cross'bar 
of the steady-rest, the holes also being tapered and the pins driven 
la tight The canvas finger cots that are used on the left hand to 
moisten the work are shown at A. 

Fig. 4 shows a group of bumlehlng tools, some of which are of 
high speed Bteel, and others of regular tool steel. These tools are 
made extremely hard and no temper la drawn. They project out of 
the handles from 2H to S Inches and are %, 7A6. Vt> uid % Inch in 
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diameter. The round tools A are used on heavy work; also to get in 
sharp corners and to burnish shells which are part plain and part 
embossed, requiring the tool to be lifted from one part of the work 
to another to avoid the embossed area. B Is a flat tool with a slight 
curve on the end; it is used mostly on straight work and convex sur- 
faces. C Is a flat tool with a greater curve od the end, and It is used 
mostly on concave surfaces, while i> is a flat tool with a still greater 
curve on the end, tor use on small curved work, such as that shown 
in Fig. 5. These tools have to be polished when they become coated 
with metal, the Interval between pollshtngs depending on the texture 
of the metal worked and Its temper, a shell that has been annealed sev- 
eral times coating the tool more than one that has not It is a quick 
operation to polish the end of a burnisher. A board of soft wood or a 
strip of leather fastened to a board and to the bench, la a position con- 
venient to the operator, is used. Grooves are worn into the leather 
or board, and flour of emery and oil. or flint flour and water Is used 
to clean the tools, a few passes of a tool being all that is necessary to 
polish It 
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Fig. 6 Bhowg samplee of bumlabed work; some of these are spun but 
most of them are drawn la preasee. The bright dip which ie used to 
clean work before burnishing is composed of: Oil vitriol (sulphuric 
acid), 2 parts; aqua tortls (nitric acid), 1 part This solution should 
he kept In a crock set In a tank oF running water, and mixed 7 or 8 
hours before using, as the acids when combined heat up. It ts beat to 
mix the acids the day before using. In dipping brass, copper and 
German Bilver, the parts are strung on a wire whenever possible. If 
there are no holes in the metal that can be used for stringing, they can 
be put In a metal or crock basket, but they cannot be handled to good 
advantage as it Is very dlfllcult to thoroughly wash and dip them. 
After Btrlnging the work on a stllT brass or copper wire, it should be 
waataed fn boiling potash, and then dipped In cold water to dean the 
potash oCC and cool the metaL 
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Alter cooling In ttie water, they are dipped for a few seconds In 
the acids, keeping the work conetantlf In motion, so that the surfaces 
will be all exposed equally; they are then shaken thoroughly above the 
acid and Immediately washed In two separate cold-water baths, then 
in hot soap water, and then In hot water, after which they are dryed 
at once in hot sawdust This operation will leave a bright, clean sur- 
face free from acid. 

Common yellow soap, dissolved to thick paste, Is used as a lubricant 
when bumlsblDg brass. The shells and the linger pads are dipped in 
clear water, and the tool is dipped in the soap paste before burnishing 
each shell. 

A lubricant for copper Is made by dissolving about one ounce of 
ivory or castUe soap in a gallon of water. The shells and pads are 
dipped In this solution, no lubricant being used on the tool. Yellow 
soap should not be used on copper, as the action of the rosin on cop- 
per Is different from that on braes, the metal being so glazed or 
greased that the tool works badly. 

For copper plate on steel, such as copperlzed steel oilers, etc., about 
one-half ounce oil vitriol to tour gallons of water should be used. The 
humlshing tool should be dipped in a mixture of mutton tallow that 
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has been melted vith 5 per cent of beeswax, and the work and the 
finger pads should be dipped in the acid mixture. The tool Is lubri- 
cated In the tallow mixture before burnishing each shell. 

For German silver, the shell should be dipped in clear water, the 
flnger pads In sour beer, and the tool In yellow soap paste. 

For white metsl or Britannia, use ivory or castlte aoap in the paste 
form tor the tool, and sour beer or ox gall In water (4 ounces to the 
gallon) (or the finger pads. Wash the work in hot alkali water (a 
spoonful of cream of tartar, aaleratus or soda to a pall of water), and 
dry in hot sawdust 

For burnishing work which Is to be lacquered, without coloring on 
the cloth buff, use thin glue tor a lubricant, and also on the finger 
pads. When the part is burnished put It In saleratus water to keep 
It from tarnishing; then wash in hot water and dry in hot sawdust 
Host plated work can be burnished with the sour beer mixture tor 
the finger pads, and caatlle or Ivory soap paste for the tool lubricant 
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CHAPTER V 



THE BALL-BURNISHING PROCESS 

Burnishing, ae used In the ordln&ry sense of the word, conslBts In 
flnlBhlng exterior surfaces of work b; rubbing with a highly polished 
steel hand tool, which hardens and pollBhes the surface metal. The 
Abbott ball-burnlshlng process produces the same effect, but In an 
entlrelr different manner, employing quanttttes of hardened and pol- 
ished steel balls which are caused to roll over the work while under 
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pressure. This pressure is effected by the weight of the balls which 
are confined within a tumbling barrel like that shown In FHg. 2. Thus, 
each ball acts as an individual burnishing tool, and as It rolls over the 
work, pressed by the mass of balls and work above. It leaves a bur- 
nished path on the work. Fig. 1 shows some representative burnishing 
Jobs which have been efficiently handled by this process. Some Idea 
of the action which takes place within the tumbling barrel may be 
gathered by noticing the balls and work which are represented in 
Fig. 3. 

Fig. i shows the general form of the ordinary tumbling barrel as 
contrasted with the Abbott burnishing barrel. From this it will be 
seen that In the Abbott barrel, the balls are confined in a deep narrow 
space so that the same amount of balls being restricted within a nar- 
rower space exert a heavier burnishing pressure upon the work. The 
Abbott ball-bumishlng process cannot be used when any metal Is to. 
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be removed or deep BcrtUcbee are to be taken out It is purely &nd 
simply a burntshliiK process for putting a high finish upon the work, 
and on work wltbln its UmitatlonB Is hlghl; auccessful. Not only can 
a large amount of work be done In a short space of time, and In a 
very efficient manner, but many Jobs which cannot be burnished by 
hand are eSciently finished by this process. Referring to Pig. 3 again, 
it will be seen that it Is a simple matter for the balls to burnish the 
Inalde of a tube, the center of a deep depression, or the Inside of a 
wire loop as shown in Fig. 1. Such pieces as these would be dlfflcnlt 
to burnish In any other 
way. In order to burnish 
corners and depressions, It 
is necessary to employ balls 
small enough to come tn 
contact with the surfaces of 
such places; therefore, on 
other than the very plain- 
est of work, two sizes of 
balls are commonly used as 
shown in Pig. 3. Again, on 
work which is lettered, 
ordinary polishing processes 
"drag" the letters, but with 
the ball-burnlBhlng proceSB 
this trouble Is not experl- 

The balls used for this 
work are made of tow car- 
bon steel, by tbe heading 
process, carbonized and 

hardened clear through and j^. ,. j^ ^ B™i.hi«, Bunri u^ 

then highly polished. The 

balls are not truly spherical, nor of an exact size, but they are highly 
finished and very bard. Tbe barrels may be of the single or multiple 
type, having one or more compartments. Tbe barrel shown in Pig. 7 
has two sections, and gives a general Idea of tbe construction. The 
compartments are octagonal In shape and are lined with maple wood 
so that tbe balls and work do not come In contact with any metal 
during tbe burnleblng proceaB. Two hand-holes are provided for eacb 
compartment with covers which may be clamped In place. The two 
hand-holes furnish a means for quickly removing the contents and 
washing out the barrel. A lubricant is employed In burnishing, which 
ordinarily consists of soapy water. 

To burnish a quantity of work, the work and balls are placed In the 
barrel in the proportion of one peck of work to two pecks of steel 
balls. Water Is then sdded until It stands about one Inch above the 
contents of the barrel. In this water, about tour ounceB at burnishing 
soap chips have previously been dissolved. Tbe hand-hole covers are 
then clamped In place, and the mixture tumbled from one to five hours. 
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depending upon tbe character ot the work, metal, etc. The speed 
ordinarily employed for tumbling ranges from 10 to 30 R. P. M., the 
usual speed being 16 R. P. M, If after tumbling the work haB a dull 
or smutty appearance, tbe soap solution should be drained f^om tbe 
work and clean water substituted, to which should be added a piece ot 
cyanide of potassium about tbe size of a pea. It 1b highly important 
that the balls be kept from ruatlng, for ruat, of course, destroys their 
burnishlDg qualities. The balls are eaBlly kept in good condition by 
returning them to the barrel with the soap solution on them, but In 
no event should they be washed in clear water and allowed to stand. 
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The burnishing operation Is the same on all kinds of metal. After the 
work has been burnished sufficiently, it is separated from the balls by 
dumping the mixture into a screen of sufficiently coarse mesh to allow 
Ihe balls to drop through. A convenient arrangement to use for 
separating the balls from the work is shown In tbe Illustration Fig. 5. 

It the work Is not to be plated, it Is taken from the barrel and dried 
In sawdust, but If to be plated. It Is cleaaaed in the u^ual manner and 
plated. The cleaning operation incident to plating Is usually very 
troublesome on account of the rouge that Is driven Into corners of the 
work by tbe polishing wheels. No such trouble is experienced after 
ball-burnlshlng. as no rouge Ib used. It is only necessary to rinse ott 
the soap solution, dip In potash and plate, after plating, the work Is 
returned to the barrel and tumbled In a soap solution for a half hour 
to Impart a high flnlsh. 

While most commonly used for small work, say under three Inches 
In greatest dimension, larger work may be handled by a modiflcation 
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o( the procesB. Ttie difficulty In burnishing large work Is due to the 
fact that the weight of the piece la often great enough to Injure other 



Fit. 4. CODpulKIB of Old 


■tTit Buial 


with J 


bbott Buttl 





i 


1 


Pf^ 


ll 




m 




If 








* 


^^i- 


! 


% 


L 


> 


m i 


jy' 


/,i\ 


*1 


yjVV 


"~7/fL 


^^f 


^yy — ■ 


____/ /li/r^r- 


— — ^ 1 


#/^=^ 


;:;:; 


fj/iii 


jfn 


"^77777- 


«s 


//III 


1 


/// 


/ A-J '^"■^'-^■'' 


•-*" 






it ATTUc«m<Dt for SspuatlBt Ball* ud Wwk 



pieces of work, and, of course, If'the pieces are easily bent, there will 
be trouble trom this source. Aside from the danger of bending targe 
work in the burnishing barrel, a greater source of trouble is from 
scratches caused by the abarp edges of aucb plecea coming in contfct 
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with the flnlBbed (aces of otber pieces la tbe barret. Reterring to the 
lUUBtratlon Fig. S a method of mouattng plecea of this character Is 
shown. Any convenient method of clamping la employed, depending, 
of course, on the shape of the pieces, but the fundamental Idea 1b to 
support the pieces so that they cannot move In the barret, and yet five 



the burnishing balls a chance to act upon the work exactly the same 
as though It was loose In the barrel. Mounted In this manner no 
possible Injury can be done to the work and yet the halls have access 
to every part of the piece except the edge, even to the Inside. It iB 
apparent that this method cannot be used for all work, but a little 
Ingenuity will often solve the problem without having to resort to 
hand polishing. 
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A typical inatallation of the Abott ball bumiahliiK process Is found 
at the Heron Mfg. Co., Utlca, N. Y. This inBtallatlon Is represented by 
the lllustratlou Fig. 6, la which are shown four double barrels driven 
from a common shaft. A line of piping extends over the four barrels, 
being connected with a hot water tank on the floor above. By means 
of outlets over the barrels, water may be admitted to the barrels for 
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mixing the burnishing solutions, and for cleaning the bsxrels and 
their contentB after the burnishing operation. A trolLey system la 
arranged so that after tbe work has been dumped from a barrel Into 
a basket, during which operation the suds and soap solution are car- 
ried away by means of the trough in front of the barrels, the work 
may be carried to the sawdust box for drying. This sawdust box Is 
of the usual type and after tbe work bag been sufUclently dried, it Is 
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Bhoveled into tbe cbute shown at the right o( the sawdust box, from 
which It enters the revolving conical screen cylinder and Is separated 
from the sawdust, emerging from the email end o( the screen, com- 
pletely dried and ready lor shipment. 

By the use of this apparatus, the Heron Mfg. Co., who manufactures 
casters of all kinds, states that It Is producing twice the number of 
parts at half the cost, and getting a better flnlsh than when using hand 
poUsbers. Thus an expensive polishing and bufllng equipment is 
eliminated, as well as the high priced labor formerly employed. 
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The Unit System of SELF-EDUCATION 

The Unit SyBtem of Sell-Education In Mechanics, orlEinated 
bf Machinery, now comprises 126 Reference Books and twenty 
Data Books all published at the lowest price that has ever been 
made for mechanical books of real merit. Each book measures 
about 6x9 Inches, standard size, and contains from S2 to 56 
pages, depending upon the amount of space required to adequately 
cover its subject. The books In the Data Series are slightly wider 
than the Reference Books In order to provide for hundreds of 
large plates. The books are all first class In every respect— printed 
from new plates, with new and ample engravings, on the same 
btgb-Krade paper that Is used for IVlACHiNERy, and have wide 
margins to allow for binding In sets, should this be desired. These 
books have been enormously successful, but probably would not 
have been, had readers been obliged to pay the usual blgh prices 
incident to expensive bindings. These books, being made for use 
and not for ornament, are bound In strong paper covers, which 
enables marketing them at an unprecedented price for books of 
the highest merit. 

The plan comprehends an Indefinite number of compact. Inex- 
pensive hooka, each covering one subject thoroughly In a practical 
manner, and sold singly, or in complete sets, as may be desired. 
The whole series comprises a complete working library of au- 
thentic mechanical literature for the Mechanical Engineer, the 
Machine Designer and Draftsman, the Machinist, the Toolmaker 
and the Apprentice. The books are particularly adapted for self- 
education and are planned to meet the demand for a reliable, 
practical and Inexpensive system. 

Tbe Information contained In the books of this System Is the 
latest and best available on machine design, construction and 
operation, revised and brought up to date by MACfiiNERY's edi- 
torial staff— men constantly tn touch with the best sources of 
information, and with the latest developments in mechanical 
practice. 

These books are for the practical men at work Tn the me- 
chanical industries. They deal In a practical manner with actual 
mechanical problems. They describe the practice and explain 
the mechanical principles In clear and simple language and In a 
direct and straightforward manner. The whole Idea of the books 
Is to give the greatest possibte amount of dcftnitt^. practical in- 
formation, tn the clearest manner and in thr smallest amount of 
space practicable. The information is boiled rfoicn. 
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CUTTINO LUBRICANTS FOR MAOHlNINa- 
OPERATIONS^ 

Cutting lubrlcaDtB are need In connection wltb moat machining 
operations on wrought iron and steel. In order to cool the turnlDg tool 
and reduce the abrasion or wear of the cutting edge, thus permitting 
higher cutting speeds. In many cases, however, lubricants are not 
used even when machining Iron and steel. This may be due to the 
nature of the work or to the inconvenience of supplying a lubricant 
when the machine Is not equipped (or It For Instance, small turning 
operations In the lathe are usually performed dry or without a lubri- 
cant, regardless o( the material being turned, especially when the 
cuts are light and the application of oil or a soda-water mixture to the 
tool would interfere with the work. When there Is considerable 
superfluous metal to be removed and long roughing cuts must be taken, 
a good lubricant, while not necessary, is very desirable, as it permits 
higher cutting speeds and preserves the edge ot the tool. 

Many modern lathes, particularly the large elzes or those of the 
"manufacturing type," are equipped with pumps and piping to auto- 
matically supply a continuous stream of lubricant fo^ the turning 
tool. Most lathes, however, are not so equipped and lubricant is gen- 
erally supplied from a cam which Is mounted at the rear of the car- 
riage and travels with the tool as It feeds along the work. The objec- 
tion to the use ot a cam from which the lubricant Rows by gravity la 
that the amount of lubricant is insufficient to properly cool the tool 
when taking heavy roughing cuts. The result Is that the full benefit 
from the use of the lubricant Is not obtained. (The different methods 
of supplying lubricant to turning tools and cutters on various ma- 
chines is explained in Chapter II.) Cutting lubricants are more gen- 
erally used on turning and milling machines of various types than 
on planing and slotting machines. In fact, cutting lubricants are not 
often used (or rough planing operations, although In many cases a 
lubricant would be desirable. The same Is true of many other opera- 
tions which are ordinarily performed dry. Frequently a lubricant, 
such as soda-water, is used on the planer or shaper when taking 
light flnlshlng cuts. The object, however. Is to secure a. smooth sur- 
face rather than to IncreoBe the durability of the tool or permit higher 
cutting speeds. 

Quite a variety of cutting lubricants are used at the present time, 
some being compounds which are "home-made" and others commercial 
lubricants which have been placed on the market. Host of the fol- 
lowing lubricants for different materials and operations are In general 
use and have proved satisfactory. 
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LuhricanU for Turning Operations: A good grade of lard oil is an 
excellent lubricant for use vhen turning Bteel or wrought Iron and la 
extensively used on automatic screw machines, especially those which 
operate on comparatively small woric. For some classes of work, 
especially when high^uttlDg speeds are used, lard oil Is ngt as satis- 
factory as soda-water or some of the commercial lubricants, because 
the oil is more sluggish and does not penetrate to the cutting point 
with sufficient rapidity. Many lubricants which are cheaper than oil 
are extensively used on "automatics" tor general machining opera- 
tions. These usually consist of a mixture of sal-soda {carbonate of 
Boda) and water, to which Is added some ingredient such as lard oil 
or soft soap, to thicken or give body to the lubricant 

A cheap lubricant for turning which has been extensively used is. 
made In the fallowing proportions: 1 pound of sal-soda (carbonate of 
soda), 1 quart of lard oil, 1 quart of soft soap, and enough water to 
make 10 or 12 gallons. This mixture Is boiled for one-half hour, pre- 
ferably by passing a steam coll through it If the solution should 
have an objectionable odor, tMs can be eliminated by adding about 2 
pounds of unslaked lime. The soap and soda in this solution improve 
the lubricating quality and also prevent the surfaces from rusting. 

A mixture of equal parts of lard oil and paraffin oil will also be 
found very satisfactory for turning operations, the paraffin t)eing 
added to lessen the expense. Another mixture is made by adding 10 
gallons of lard or paraffin oil to a No. 10 can of "Oildag." For auto- 
matic screw machine work, a good lubricant Is composed of equal parts 
of so-called "electric cutting oil" and paraffin oil. 

Luhricantg for WiUing: For milling operations the following com- 
pound (which is also adapted to turning) Is often used. Mix together 
1 pound of sal-soda, 1 quart of lard oil, 1 quart of soft soap and 
enough water to malce 10 or 12 gallons. Boll this mixture one-half 
hour. For general work in milling steel, the following formula has 
been successfully employed; Mix 96 pounds of "Cataract" compound 
and 21 gallons of pure water; take 12 gallons of this stock mixture, 
add 48 gallons of water and two No. 10 Jars of "Aguadag"; mix 
thoroughly. 

A mixture of equal parts of lard oil and paraffin ol! Is also used (or 
milling, the paraffin being added to reduce the cost of the lubricant 
For fluting operations, paraffin oil, not mixed, has proved eatlafactory. 

Compounds for DrilHng: A cheap drilling composition can he made 
"by adding to thirty gallons of water E gallons of lard Oil and 20 pounds 
of washing soda. Put the material In a lard oil barrel. Insert a steam 
hose into the bung and boil thoroughly. Do not use mineral oil or 
a barrel that has contained It Another cheap drilling compound Is 
made In the following proportions: Mix 96 pounds of "Cataract" com- 
pound and 21 gallons of pure water; to 12 gallons of this stock mix- 
ture add 48 gallons of water and two No. 10 Jars of "Aquadag"; mix 
thoroughly. 
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When drilling hard and refractory steel, use turpentine, kerosene 
or soda water; tor soft steel and wrought iro^, lard oil or soda waier; 
for malleable iron, soda water; for brass, a flood of paraffin oil. If 
any lubricant la used; for aluminum and soft alloys, berosene or soda 
water. When drilling glass use a mixture of turpentine and cam- 
phor. Cost iron should be worked dry, or with a Jet of compreesed 
air ae a cooling medium. When drilling very deep holes in cast iron, 
& few drops of kerosene deposited on the drill point will be tound 
useful, but care must be taken to use a very small amount of the 
lubricant. Por deep-hole drilling In steel use a mixture of equal parts 
of lard oil and paraffin oil. When drilling rawhide, apply ordinary 
laundry soap to the drill at frequent Intervals. The drilling of hard 
material la facilitated by using turpentine as a cutting compound and 
by grinding oft the sharp angles of the cutting edges so as to permit 
quite heavy feeds without chipping the edges. Thlsform of point will 
also be found advantageous for drilling soft material, like braes, as 
It doea not tend to dig into the metal. It Is good practice to warm the 
lubricant before using it on highspeed steel tools. These work much 
better when warm, often giving good results when the chips are 
turned blue by the heat generated. Nothing win check a high-speed 
drill quicker than turning a stream of cold water onto it after it has 
become heated. It Is equally bad to plunge the drill Into cold water 
after the point has been heated la grinding. 

Lubrigant for Grinding: For grinding with hard or soft wheels, use 
a No. 10 Jar of "Aquadag" mixed with ten gallons of water; add one- 
half pound of borax or sa!-soda to prevent ruetlng. 

I,»i6rtcon( for Oeor Cutting: The following mixture has been ex- 
tensively used on gear-cutting machines: 3^ gallons of mineral lard 
oil, 2% pounds of sal-soda, and one barrel of soft water. 

Effect of LMhrirant loJien Turning Cast Iron: Cast iron, except when 
tapping, is usually machined dry. Experiments made to determine 
the effect of applying a heavy stream of cooling water to a tool turn- 
ing cast Iron showed the following results: Cutting speed without 
water, 47 feet per minute; cutting speed with a heavy stream of 
water, nearly 54 feet per minute. Increase In speed 15 per cent The 
dirt caused by mixing the line cast-Iron turnings with a cutting lubri- 
cant Is an objectionable feature which, In the opinion of many, more 
than offsets the increase in cutting speed that might be obtained. 

Lubricantt for Thread Cutting: A mixture of equal parts of lard 
oil and paraffin oil gives good results for threading. (The lard oil Is 
adulterated with paraffin to reduce the coat of the lubricant) For 
thread cutting on nickel steel or other hard stock, with machines run- 
ning at high speed, the following compound has proved satisfactory: 
To 8 gallons of warm water add 26 to 30 ounces of borax. When fully 
dissolved, add two gallons of lard oil and stir thoroughly. When cold, 
add the contents of a No. 10 Jar of "Aquadag" (condensed); mix 
thoroughly. An excess of borax will be Indicated by the formatlo^lp 
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of more than two or three tutblee on the surface of the mixture 
after thorough stirring. Ordinary beeswax Is a good lubricant to 
uae when cutting threads in copper. The beeswax Is rubbed onto the 
thread and produces a smooth finish. 

Lvhricantt for Brass. Babbitt and Copper: Brass or bronze is 
' usually machined dry, although lard oil Is sometimes used for auto- 
matic screw machine work. Babbitt metal la also worked dry, ordin- 
arily, although kerosene or turpentine Is sometimes used when boring 
or reaming. If babbitt Is bored dry, balls of metal tend to form on 
the tool and acore the work. Milk la generally considered the best 
lubricant for machining copper. A mixture of lard oil and turpentine 
la also used for copper. 

Lubricants for Machining Aluminum: For aluminum, the following 
lubrlcanta can be used: Kerosene, a mixture of kerosene and gaso- 
line; soap-water; or "aqualine" one part, water twenty parts. The 
last mixture specified has been successfully used by the Brown-Llpe 
Gear Co., where a great many aluminum parts are machined. This 
lubricant not only gives a smooth flnlah, but preserves a keen cutting 
edge and enables tools to be used much longer without grinding. 
Formerly a lubricant composed of one part of high-grade lard oil and 
one part of kerosene was used. This mixture costs approximately 30 
cents per gallon, whereas the aquallne-and-water mixture now being 
used costs lesa than 4 cents per gallon, and has proved more effective 
than the lubricant formerly employed. 

Lubricants for Broaching Operations: For broaching steel, cutting 
compounds similar to those used for other machining operations, such 
as turning and milling, are commonly used. The J. N. Lapolnte Co, 
recommends a lubricant for broaching steel containing 2^' pounds of 
soda ash and 3 gallons of mineral lard oil to GO gallons of water. The 
soda ash and lard oil Is mixed with 10 gallons of water, and then the 
remaining 40 gallons of water added. When holes to be broached are 
of exceptional length, a good grade of oil Is better than soda water or 
similar cutting lubricants, as the oti will cling to the cutting edges 
of the broach for a longer time. 

Lubricants for Tapping: The breakage of taps can be reduced 
greatly by using the proper lubricant. A good grade of animal lard 
oil, sperm oil, and graphite and tallow mixtures (10 per cent graphite, 
90 per cent tallow) are the best lubricants to use when tapping steel 
or iron. A good soap compound is better than "mineral lard oil." 
Machine oil Is a poor tapping lubricant. Tests made to determine 
the power required for tapping demonstrated that the power required 
when using sperm oil is 16,5, as compared with 34,2 when machine oil 
is used. Incidentally, this Increase Is almost as great as that due to 
decreasing the diameter of the tap drill from 0.425 to 0,400 Inch when 
uaing sperm oil, the increase being from 16.5 to 35.5, This shows that 
a poor lubricant may increase the power for tapping as much as would 
a considerable reduction In the diameter of the hole to be tapped. I . 
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For tapping cast iroc, soap compouadB give excellent results, and 
lard oil Is also used. Oil for cast iron, bowever, has the disadvantage 
of causing the chips to stick In the tap flutes, thus preventlns the 
lubricant from reaching the cutting edges; hence a thin luhrlcant Is 
preferable. A few drops of kerosene will facilitate the tapping of 
long holes In cast iron. Only a small amount ot kerosene should be 

lATd OH as a OutUns Lubrtoant 

After being used for a considerable time, lard oil seems to lose some 
of its good qualities as a cooling compound. There are several reasons 
for this. Some manufacturers use the same oil over and over again 
on different materials, such as brass, steel, etc. This la objectionable. 
for when lard oil has been used on brass it is practically impossible 
to get the nne dust separated from it In a. centrifugal separator. 
When this Impure oil Is used on steel, especially where high-speed 
steels are employed, It does not give satisfactory results, owing to the 
fact that when the cutting tool becomes dull, the small brass particles 
"freeze" to the cutting tool and thus produce rough work. The beat 
results are obtained from lard oil by keeping tt thin, and by using 
it on the same materials — that is, not transferring the oil from a 
machine In which brass Is being cut, to one where It would be cm- 
ployed on steel. If the oil la always used on the same class of ma- 
terial, It will not lose any of Its good qualities. 

Prime lard oil ts nearly colorless, having a pale yellow or greenish 
tinge. The solidifying point and other characteristics of the oil de- 
pend upon the temperature at which it was expressed, winter-pressed 
lard oil containing less soltd constltutents of the lard than tliat 
expressed In warm weather. The specific gravity should not exceed 
0.916; It Is sometimes Increased hy adulterants, such as cotton-seed 
and maize oils. 

Navy Department SpecWoatlona for Lard OU 

The U. S. Navy Department gives the following speclflcatlons for 

lard oil: Lard oil must be of a good commercial quality, and must 

be purchased and Inspected by weight; the number ot pounds per 

gallon Is to be determined by the specific gravity of the oil at 60 

degrees F. multiplied by 8.33 pounds (the weight of a gallon of 

distilled water at the same temperature). 01) will not be accepted 

which contains a mixture of any mineral oil (10 per cent vegetable or 

flsh oil Is allowed); nor must the oil contain more acidity than the 

equivalent of 5 per cent of oleic acid, or show a cold test above 5G 

degrees F. The specinc gravity must not be above 0.92 nor below 0.90. 

Bttect of Ooollner Lubricant on Cuttlnic Speed. 

Experiments made by Mr. F. W. Taylor, to determine the effect upon 

the cutting speed of pouring a heavy stream of cooling water upon 

the cutting edge of the tool, resulted In the following conclusions: 
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When using high-speed steel tooU. a gala In the cutting Bpeed of 
from 35 to 40 per cent can be made, when turning steel or wrought 
iron, by applying a heavy stream of cooling water at the proper 
point In general practice, this percentage might be reduced some- 
what, owing to the fact that the water la not always directed upon 
the right spot. The most satUfactory resulta are obtained from a 
stream of water falling at rather slow velocity but in large volume, 
because a stream of this sort covers a larger area and la much freer 
from splash. 
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The stream of lubricant should fall directly upon the chip at the 
point where It Is being removed by the tool. The left-hand view of the 
accompanying illustration shows bow the stream should fall upon 
the tool and chip. Very often the water is thrown upon the work 
at a point above the chip to prevent splashing, as Illustrated by the 
right-hand view. This method, however, of applying lubricant Is 
lees effective and results In a slower cutting speed. 

The gain In cutting speed through the use of cooling water is prac- 
tically the same for all qualities of steel from the softest to the 
hardest 

When cutting steel, the better the quality of the tool steel, the 
greater the percentage of gain through the use of cooling water. The 
gain for different types of tools when cutting steel was found to be 
as follows: Modern high-speed tools, 40 per cent; old-style self-hard- 
ening tools, 33 per cent; carbon steel tempered tools, 25 per cent. 
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CHAPTER II 



LUBRIOATINO SYSTEMS FOR OUTTINQ TOOLS 

The lubrication of cutting tools, like many other details of ma- 
chine tool practice, bas made great advances during recent years. 
Sfstema and metboda that were at one period considered special and 
adapted only to a certain class of machine, are now applied com- 
monly to various other types. New developments have also had their 
effect in Increasing the demand for better methods of Inbricatlon- 
There Is considerable variation in the methods of lubrlcatins tools, 
not only on different classes of machines, but on machines of the same 
. type, the reason being two-fold: Klther the work does not require 
the application of a lubricant, or the amount and manner ot supply- 
ing the lubricant varies, ranging from a slight drip to a profuse flood- 
ing under pressure; this depends upon the nature and extent of the 
cut For example, a light milling operation with a single cutter 
may need no more than a small supply from a drip-can, whereas, on 
the same machine, the operation of a. gang of cutters tor deep rough- 
ing cuts will require a large stream to flood the work thoroughly and 
wash the chips away. Some machine tools, such as braSB-flnishers' 
machines of many types, cyllnder-borlng machines, some lathee for 
machining castings only, and some of the reciprocating types of ma- 
chines for brass or cast Iron only, have no arrangements tor lubrica- 
tion of the tools. In many, a compromise Is made so that the ad- 
dition of a lubricating system is easily effected. In order to avoid 
a multiplicity of designs, some Arms build certain of their machines 
with the channels, trays, etc., essential to the flooded system, and omit 
or supply the pump and piping as wanted. 

Th4 Amotint of liubrloant 
There are three principal reasons for the adoption of a lubricating 
system: One la to cool the tool or cutter, another to Impart a smooth 
surface to the work, the third to wash away the chips. The flrst- 
named is frequently the only reason for the application of a lubricant. 
For instance. In many operations on brass and other alloys the sur- 
faces would be tooled Just as smoothly without the lubricant, but the 
tools would heat up, and the work would also become too warm if 
the operation were long-continued; hence the accuracy would be Im- 
paired, while the cutting edges would not endure for a sufficient length 
of time. On the other hand, drilling, particularly In deep holes, 
sometimes cannot be done at all unless the lubricant is fed with 
sufficient force to eject the chips as fast as they form. A quantity 
much in excess of the requirements for cooling alone is therefore re- 
quired. When a metal or alloy cannot be tooled with a smootta ^ 



ID No. 124— CUTTING LUBRICANTS 

flnleh unless lubricant Is employed. It may not be neceaaary ta use 
a large quantity, so long as the edges of the tool and the portion of 
the work adjacent thereto are covered. The neceeslty for an In- 
creased supply soon arises, however, as speeds and feeds are Increased; 
otherwise the Hlni of lubrtcant will tie too attenuated to spread as fast 
as the metal Is cut Into, and the result will be that Intervals ol dry 
cutting will occur, and the heat will evaporate the film to such an 
extent tbat It becomes useless. A further development 1b reached 
when the heat, caused by cutting, raises the temperature of the cool- 
ing medium to such an extent that the latter ceases to act effectually. 
This happens when the total amount of liquid is not large enough to 
provide for cooling In the intervals between successive applications 
to the cutting tool. The remedy Is a much larger amount of liquid, 
and preferably a return tray at ample surface area, so that the 
maximum amount of area shall be exposed to the air. In extreme in- 
stances, two tanks may be utilized, each holding a large body of 
lubricant, which are drawn from alternately, thus affording Intervals 
for each to cool somewhat. 

The essentials involved In any system of lubrication are the supply, 
collection and separation from cuttings, and method of return. The 
first two requirements include many devices and modifications, rang- 
ing from the time-honored drip-can to elaborate pump and piping ar- 
rangements, and from a simple can hung beneath a table to a complete 
series of rims, chutes, troughs, pipes and strainers. The distinction 
between the two extremes Is due to the quantity of lubricant required. 
since a simple system that Is capable of feeding and collecting a few 
pints of liquid used at a slow rate is totally Inadequate for the fiood- 
ing method; neither Is it automatic lo action but necessitates frequent 
attention. 

The amount and nature of the chips also materially affects the 
mode of collection and one method is not suitable for all cases. Large 
curling chips, and fine swarf <such as from a hacksaw) are very dif- 
ferent as regards the separation of the lubricant from them, the swarf 
being much more difficult to separate. The bulk of the chips Is also 
important In considering the method of collection aad separation. If 
they occur in small quantities, very little extra accommodation be- 
yond that necessitated by the liquid Is wanted, but If there is a large 
bulk of chips to be received, the sizes of pans and trays must be 
varied accordingly and supplementary boxes or trays on wheels are 
essential for frequent removal. 

Drip-oan Uethod of Supplylns' Lubricant 
Various methods of supply and collection are Illustrated in con- 
nection with this treatise by drawings of various machines, but these 
are only a fraction of the Immense number of modifications which 
exist In practice. The drip-can is the oldest form of continuous supply 
and is still employed extensively (or operations where its limited feed 
is suitable and sufficient. It Is often Included on machines whlcl 
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have a pnmp outfit tm w«U, tor use when the ample flow provided by 
a pump Is unuecessary, tbe can being preferred when tbe dase of work 
for wbicb It 1b suited has to be done for a conBlderable time. The 
usual deslKS Is that of a crllndrlcal veeeel, preferably with a cover, 
and an Inside strainer of gauxe (unless the liquid Is strained previ- 
ously). The can body Is made of either sheet metal or cast Iron. It 
the capacity of a cylindrical can Is InBufflclent, a rectangular tank Is 
Bometlmes used instead, as on some Bbaftlng lathes with multiple 
rests. VarlatlouB occur in tbe manner of holding the can, and the 
position and num4)er of outlets. As a can, in most cases, is placed 
quite close to the point of application of the liquid, a abort pipe la 
all that is necessary; this may be single or double-Jointed, to bring the 
spout to the location desired. The can is either placed upon a flanged 




tray, supported upon a pillar fixed in any convenient position, or it 1b 
held either by a band, or stem and wing-nut on a slotted arm be- 
neath, to permit of radial or vertical adjustment The vertical ad- 
justment Is not of so much importance because the lubricant can be 
directed to fall on the work, but considerable adjustment In a borl- 
xontal direction Is desirable, especially In machines where the cutters 
or tools occupy varied poBltlona. Pigs, 1, 2 and 3 Illustrate common 
methods of adjustment Fig. 1 abowB pivoted arms, on the outer one 
of which tbe can Is held; Fig. 2, a fixed bracket with Jointed pipe, 
which gives much the same result; and Fig. 3, a suspension rod. Tbe 
latter is employed on vertical milling machines, etc., to permit radial 
and vertical adjustments. 

Wben the construction of a machine will not permit placing a can 
close to the tool, use Is often made of flexible tubing of rubber or 
metal for connecting the can and spout, 

Pumpa (or Cuttlner-tool Lubrlcatliic Systmis 
The drlp-cau ceases to meet tbe requirements when tbe quantity of 
lubricant that must be delivered exhausts tbe contents of the c 
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few moments. A pump whlcb Is automatic and under the control of 
the attendant Is then the only method of providing a sufficient supply. 
Four types of pumps are in use: Centrifugal, plunger, wing, and 
geared, the latter being In the majority. The centrifugal pump Is 
not used to any great extent but is sometimes preferable when there 
Is grit In the lubricant The plunger pump Is employed only to a 
limited extent, although In the early days it was probably the only 
kind used tor supplying drills and boring tools for deep-hole work 
In lathes. Where a large supply Is desired or 'where the parts of the 
machine run at such a alow speed that there Is no opportunity for 
drawing a rotary pump at a proper speed, the plunger type Is still 
used, the most notable example' being that of certain bolt-threading 
machines. 
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The construction of the wing type of pump comprises a casing with 
a chamber bored eccentrically (see Fig. i) with relation to the spindle 
bearing. The enlarged head of the spindle Is slotted to receive a pair 
of flat plates or wings, pressed apart by a brass spring or springs, so 
that as the spindle rotates, the ends of the plates maintain contact 
all around Inside the chamber, thus drawing the liquid in and dis- 
charging It iu one direction or the other according to the way la 
which the spindle rotates. These pumps will lift the lubricant a 
slight distance, but it Is better to submerge them to avoid priming. 
A modification of the ordinary method of making the wings as il- 
lustrated at A is shown at B. The latter type la manufactured by 
Messrs. C. Wicksteed & Co., Ltd., of Kettering, (England) for use with 
their hacksawing machines. The wings, Instead of meeting at the 
center, are thinner and pbbb right through the aplndle head. Slots are 
cut in each section, as shown, so that a single spring presses the halves 
apart equally. The wings are tapered at ttie ends so that when a full 
discharge is not required, the pressure of the liquid will press the 
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wlnge back. This renders the use of a relief or overflow valve 
unnecessary. 

The geared pump, a tjre employed to a (ar greater extent than any 
other, Is of simpler conatructlon, the essential parts being a pair of 
spur gears revolving Inside a closely flttlng case and drawing the 
liquid around la the tooth spaces. This type has no delicate parts to 
get out of order, and If properly built, enables high pressures — up to 
1000 pounds per square Inch— to be obtained. These high presaures 
are, of course, not necessary for feeding to external cutting tools, but 
lor deep-hole drilling, In which great force Is necessary to remove the 
chips, they are utilized. The low pressure pumps work to 100 pounds 
per square Inch or less. For the average machine. It Is merely neces- 
sary to raise the liquid and overcome the friction In the pipes and dls- 
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tributor; any surplus pressure Is only useful for washing away chips, 
the need for wbich varies with the class of operation. Some kinds 
of chips fall naturally out of the way whereas otlfers tend to clog the 
work and the cutters. Some materials will stick to the cutters or 
work if lubricated to a moderate extent, and may require a larger 
stream and greater pressure to dislodge them. The removal of long 
curling chips, especially heavy ones, Is not facilitated by the force of 
the stream, unless they are forced out of a hole. 

The geared pump, an example of which Is seen In Fig. G. is rated 
to deliver a certain quantity at a dellnlte number of revolutions per 
minute, and It may be run at higher or lower speeds if desired, with 
a varying output. The pump shown Is made by Messrs. H. W. Ward 
& Co., Ltd., of Birmingham, (England), In place of the usual foot, it 
has holes to slip over a piece of shaft secured to the machine In any 
convenient location. This permits of setting the pump In three dif- 
ferent positions, according to the belt location. The following table 
gives the capacities of two sizes of Brown & Sharpe geared pumps, 
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driving pulleys of Z% Inches and 5 Inches diameter, respectlvelyji 
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CAPACITIES OF PtTlfTS FOS I.QBRI0A1IT8 
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600 



40 
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The lift ranges up to SO feet, but it is preferable to put the pump as 
near the level of the tank as is convenient, the exact location depend- 
ing upon the typo of machine and the taclllties for attachment to the 
side of the framing or the edge of the tank or pan. The method at 
driving depends partly upon the position of the pump and partly upon 
the designer's ideas. The belt or cord drive is the most common. 
Spur gearing and chains are also used to a lesser extent, the ad- 
vantage ot these being that there is no bother with slipping belts nor 
trouble due to the splashing at oil. It Is often more convenient to 
drive the pump by gears or chain from some constant-speed shaft 
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on the .machine than by a belt from the countershaft; when a motor 
drive Is installed, the gear or chain method is especially appUcahte. 
The pump is thrown out when necessary, by sliding the gears out of 
mesh or by disengaging a clutch, if a chain la used. Oenerally, 
pumps run in one direction, provision being made to drive them from 
a shaft or countershaft which does not reverse, but when the machine 
reverses at intervals, as with certain automatic screw machines, the 
pump Is slightly modified to enable it to run in either direction. 

The fittings which are directly connected with the pump system 
include a strainer, which Is submerged in the liquid and prevents 
access of grit or chips, and a relief valve, which is closed by spring 
pressure but opens when the How is reduced or stopped at the 
delivery outlet, allowing the lubricant to run back to the tank through 
a by-pass. Sometimes a check valve is placed between the pump and 
the tank, but not invariably. Fig. 6 shows the piping for a Bardons & 
Oliver turret lathe, including a. Rexible supply pipe to the turret center 
for feeding hollow tools, and the diagram A, Fig. 7, shows the 
piping (or a Brown & Sharpe milling machine. These two views repre- 
sent, In principle, the arrangement of many machines. A pump for 
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each unit la dispensed with In certala cases, as, tor example, 

"batterlee" of automatics or of aensltive drills, which are fed from 
a common supply Instead of having a pump for each machine. 

Uethods of Qlatrl^jutlon 

The two points which we now have to consider are the means of 
distributing the lubricant to the tool or tools, and the means for 
catching the lubricant and returning It to the tank. The methods of 
distributing and returning the lubricant vary greatly on account of 
the varying conditions of cutting and different arrangements of tools, 
slides, machine framings, etc. 

In regard to the method of distribution, the choice ties l>etween 
rigid pipes, flexible pipes, and jointed pipes; between a single outlet, 
two or more outlets, a perforated distributor, a pipe with a number 
of tape or pipes leading from it, or an over head reservoir fitted with 
outlet pipes. Means may be provided In the case of multiple outlets 
to shut oft any or all of these according to the amount of lubricant 
desired and its place of delivery. The flow may be allowed to (ail 
from above, or It may I>e directed precisely to a certain spot by a 
pipe, or through a hollow tool or spindle, or a spout or chute may 
catch the lubricant and pour it onto a precise location. 

Rigid pipes are chiefly applicable to machines which have no great 
changes of tools or adjustments of slides, so that a fixed position of the 
pipes Is suitable, but these are the exception, and it is better to have 
an adjustable pipe, for convenience In moving it out of the way if 
necessary. The degree ot movement depends on the range of possible 
locations of the cutting tools. Piping with three or four Joints Is fre- 
quently necessary. Including horizontal and vertical swivel adjust- 
ments. The alternstlve is the flexible pipe, which, however, Is likely 
to be in the way in many instances. A flexible pipe Is more useful as 
a means of oonnccting rigid or Jointed pipes to the supply or draw- 
ing-off arrangements. 

A single outlet is ail that Is necessary tor most of the single-point 
cutting tools, for narrow milling cutters, drills, and similar tools, but 
two or more outlets are required for pairs or gangs of cutters and 
multiple tools, unless the alternative of a single wide spout Is utlllBed. 
The main support of a Jointed pipe Is placed according to circum- 
stances, sometimes consisting ot the supply pipe Itself, sometimes 
of a separate rod to which It is attached, the rod being bolted or 
screwed In any convenient position. The main pipe or rod must be 
put where it is not likely to be In the way of large woric. Jtga or flx- 
tures; In some cases, a portable fltttng may be necessary to meet these 
requirements. An alternative to the gas-bracket type of Jointed pipe is 
one having a ball-Joint and telescopic second tube (see B. Fig. 7). 

A preferable method of securing flexibility is to use a short piece 
of pipe equipped with a tap, and hold this in a clip against a part 
ot the machine or on a rod, and connect to the pump with flexible 
tubing. This arrangement is useful when no great range of adjust- 
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ability la essential and also wben considerable horizontal or vertical 
range la required. In the first case, It obviates the use at a Jointed 
pipe, and In the second it enables adJuBtroents of several feet to be 
obtained without encumbering the tool wltb three or four jointed 
pipes. Typical examples are shown at C and D, FHg. 7, C sbowlag 
a rigid pipe held by a split clamp to a rod screwed into a machine 
boss and connected to a flexible tube, and D a stem extending from the 
connection and clamped In a bracket horizontally adjustable along a 
slide. As the flexible pipe can be carried down at the rear or aide of 
tbe machine, it need not Interfere with the operation of the machine; 
moreover. If cutting Is done without lubricant, the clamps may be 
released and the piping laid out of the way altogether. Arbor sup- 
porta or overhanging arms on the machine are often used for attach- 
ing pipe clamps. 

A cutter of considerable width, or a hob, must have an ample supply 
ot lubricant along its entire length, if lubrication Is to be effective 
and even, and cooling uniform. A good device for hobs and cutters 
for heavy duty is the fan nozzle. This is set vertically, or at an 
angle. Just above the cutter, and delivers a broad copious stream. 
Tbe closed type E, Fig. 7. is employed In the case of slab millers hav- 
ing the cross-slide face set at an angle, the nozzle being pointed in- 
ward or toward tbe back of the machine. The partly open kind F ts 
suitable for horizontal delivery or delivery at a slight angle. These 
nozzles are attached to tbe deMvery pipe, but in a few Instances the 
nozzle is used separately, being clamped to a part at the machine or 
to the tool itself and fed by a flexible pipe brought over It, thus af- 
fording a wide stream without modifying the outlet for ordinary 
operations. 

Adjustment for width of How Is provided for In some nozzles, the 
opening being blocked to any desired extent by sliding a plug along 
to suit the width of the cutter. When there Is no adjustment to tbe 
supply pipe to accommodate the varying lateral positions of cutters on 
their arbors, the nozzles may be pointed to right or left, as desired, 
by fitting It with a swivel Joint. Perforated distributing pipes which 
give a Bow of lubricant to suit tbe length of work or cutter are shown 
at O. H and /. Fig. 7. They have sliding plugs to shut oft some of the 
holes, thus reducing the supply, pipe O Is an ordinary form, B is 
double-ended (a type useful for gang mills on an arbor which Is 
steadied by a central support) and J has extension tubes banging down 
to reacb in between tools wblch Interfere during part of their stroke, 
with a directly vertical flow. This type of distributor is also used 
where the air from a belt or other rapidly moving part would disturb 
the vertical stream of lubricant and blow it out of its proper path. 
At I the tubes are pivoted to swivel to one side and direct the liquid 
to a particular place. A shut-olT may or may not be provided for 
each tube. 

The standard distributing pipes occasionally fall to meet special 
conditions, and It becomes necessary to cut a piece of tubing andi 
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drill It specially, as at E, where four sUttlag saws are set rather far 
apart and a pfpe la drilled with holes to suit It much of this class 
of work is likely to be done. It may be preferable to drill a larger 
number of holes la the pipe and plug up those not wanted. Lons 
distributing pipes are sometimes provided with holes drilled fairly 
close together and having spring bands which are partly rotated to 
block those holes which are not required. Another special arrange- 
ment for some classes of work where a guard Is fitted over the cutters 
Is to use the hollow top of the guard for conducting the lubricant 
directly upon the cutters. Box-tools are also sometimes made with 
hollow frames, with an outlet close to the cutters, giving a broad 
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stream at the best possible location. This Is a mode of distribution 
that must be designed to suit the tools, and Is not of general application. 

An alternative to the practice of stopping off or plugging up unused 
holes In a distributing pipe Is to provide regular tpps for turning off 
the lubricant This method is common to milling machines of the 
planer type, on which a pipe of ample capacity is secured to the cross- 
rail and has a number of taps screwed in at close intervals, as shown 
at A, Fig. 8. If the pipe runs along at the back of a machine or below 
a cross-rail, as In many multiple-spindle drilling machines, pipes 
connected to each tap will be essential in order to bring the oil to tho 
drills, a swlvel-Jolnt permitting each pipe to be placed in the position 
desired. 

The case of two or more pipes having outlets separated more 
widely than In the distributors referred to is often met with, such 
as when two tools or cutters are working on different parts of a piece 
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or on two pieces of work. Eltber rigid or awlvellns pipes, are used, 
according to requirements, or provision for variation between the 
outlets is made by a lengtli of flexible pipe. Certain multl-splndle 
drilling machines and multi-eplndle automatic screw machines carry 
a pipe partly around the spindles or around the turret, and various 
bent pipes or distributors lead off from this common supply pipe to 
feed each drill or turret tool. At B, Ftg. 8, la an example of a double 
supDlf, one pipe leading to the 'center of the turret for lubricating 
hollow tools, and the other continuing tor feeding external toots held 
In tbe turreL A somewhat similar arrangement Is shown at C; the 
tap nearest the turret feeds into a funnel which is connected to a slot 
distributor attached to one of the box-tools having a long cutter tor 




forming steel taper pins; this arrangement insures a proper flow all 
along the broad-faced cutter. 

Portions of macbfnes which move Intermittently or continuously 
along a bed, and must be fed with lubricant in any position they oc- 
cupy, require tbe use either of Jointed pipes, flexible connections, or 
telescopic tubes. Both of the latter are largely used. The flexible 
tubes are likely to get In the way and become a nuisance, .while the 
telescopic pipes can be arranged la snug fashion and occupy a mlul- 
mum of apace; moreover, they are not as liable to become damaged 
as flexible tubes. It is chiefly in those types of machines where the 
tool has a horizontal feeding movement that the provision of adjust- 
able piping is required. Oear-cutting machines and turret lathes are 
the moat frequent examples, the cutter-slide of the one, and the turret- 
slide of the other requiring a supply of lubricant at all working 
posIUose. Certain other machines of less importance In point ot 
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narriagre. From this vertical pipe the short length of flexible steel tube 
h directs the stream onto the cutter. 

ADotber system of distribution for movable parts la that requiring 
e. supply to tools In a turret, one or perhaps two or more of wblch 
may require the lubricant to be fed through their hollow bodies during 
their period of operation only. This is effected by causing the rotation 
of the turret to turn on and cut off the oil as the tools come into their 
work tog position. The arrangement for the Cleveland automatic 
screw machines Is shown In Fig. 10, and will serve to illustrate the 
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principle. The feed takes place when the drill shown la at the lowest 
or working position. The turret boaCt A In its to-and-fro movements, 
controls the feed In the following manner: An oil tube B extends 
inside the shaft and can be clamped in the bracket C, whenever de- 
sired. This tube has a series of holes In Its lower side, continuing 
for a distance equal to the turret stroke. These holes communicate 
with a single hole D connecting with a tube inserted in the turret 
hole which carries the tool. The position of tube B determines when 
the oil will begin to flow; it can be adjusted to start at the beginning 
of the stroke, or later. Valve E is to regulate or shut off the oil. 
Can action la employed In some machines to turn the oil on and off. 

GooqIc 



22 No. 124— CUTTING LUBRICANTS 

The cutting toolB which require a Bupjily of lubricant tbrongh their 
bollow bodies Include drills, reamers, counterborea, boring tools, and, 
less frequently, taps. Threading dies are also fed b; a pipe wblch 
floods their Interior, or the threading machine may have a, hollow 
spindle through which the oil Is pumped. Long drills or their 
separate holders, not held In a turret, usually have the supply pipe 
screwed In at the end and the oil goes to the cutting end by way of 
open groores or grooves covered with strips soldered over; sometimes 
boles are drilled In the solid metal to the cutting point, or pipes are 
laid In recesses along the body of the tool. If the otl is not taken 
through the end of the drill It may be supplied as shown at A, Fig. 11. 
This method is suitable for any class of drilling machine or turret 
lathe In which the drill does not rotate. Connection to a flexible tube 
enables the drill to feed along to any desired extent. 

A modification In the form of a loose collar, as at B, Is necessary 
to permit a drill to revolve. The collar Is held from revolving by the 
supply pipe &. The oil Is sometimes fed bj gravity but It should pre- 
ferably be pumped through; It passes to the passages which communi- 
cate with the holes or tubes of the drill. A cup-ehaped collar Is some- 
times used, the oil being poured In from the top. In all these tools, the 
chips find their way out of the hole by the flutes or spaces oC the- tool, 
but In the hollow drills used for deep holes, they have a special outlet. 
The oil Is fed by way of the body grooves, and the cuttings escape 
through the flutes, the hollow shank and an extension tube (see sec- 
tional view C, Fig. 11.) A stufllng-box surrounds the tube and the oil 
is pumped through pipe d, and goes along the outside of the tube and 
past the shallow flutes on the lands of the drill. The oil then forces 
the chips hock through the main flutea and out through the shank 
and the tube. The hole must be first drilled to a depth equal to the 
body length of the drill, before the latter can be used with oil, this 
preliminary operation being done with a short starting drllL 

Methods of Baeoverliw Used Lubrfoaot 
The methods of catching, draining and returning the oil are simple 
on some of the smaller machines, but more complicated on the larger 
ones, particularly on types which use lubricant very freely. The pro- 
vision for lubricant often affects the design of the frame and many 
of the smaller details. The simplest catching device Is a can hung 
underneath a table, this being emptied Into the drip-can overhead at 
Intervala This Is quite satisfactory when the quantity of lubricant 
used Is very small, but like the drip-can, It falls to meet requirements 
when a flow of any magnitude is required, and a proper tank must be 
employed. The three principal means of receiving waste lubricant 
are, by a suspended tank, a tank on the floor or bolted to the machine 
base, or by using the hollow base of the machine to form a tank. 
The pans which surround the bases of so many machines come under 
the second category. The suspended tank Is objectionable only on ac- 
count of Its limited capacity; the second class can be made of any 
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deslreO dlmenatong; the t&nk In the base is a means of profitably 
utUtEtng tbe Interior space, thus making It unnecesaar; to provide a 
separate receptacle. 

The simplest ioethod of dealing with the queetioa of vaste lubri- 
cant will be to tallow the lubricant in its course, from the point where it 
leaves the work. It is also necessary to take Into consideration the 
provisions for dealing with chips, since these affect tbe matter vitally. 
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All work which Is machined Is held either on or over a table, or it 
may project beyond the bed or slide. In the first case, the table re- 
ceives the waste oil, in the second, the oil either falls directly into a 
trough or is caught and diverted in various ways. Tables, when not 
intended for use with oil, simply have slots or tee-slots, and there Is 
no rim or other provision to prevent a lubricant from falling onto the 
floor. The addition of a turned-up rim prevents the lubricant from 
escaping, excepting by the way of a spout or a hole, whence It drains 
Into a can hung under the spout or tap, or falls through a rigid or 
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flexible pipe, or by way of rims on subsidiary slides, to a tank below. 
The helgbt of the rim Is limited, in the majority of cases, by the level 
of the table, the rim being Juat belov the table, but there are some 
exceptions. When It Is known that tbe sise of work or of Jigs or 
fixtures will never exceed the bounds of tbe tee-slotted surface, then It 
Is possible to raise the rim as shown at A In Fig. 12. This bigti rim 
1b desirable when splashing is likely to. occur. It is tbe practice now, 
with B great many milling macblne manufacturers, to machine the 
oil rim flush with the table top as at B, in order that it may be utilized 
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as a support and form part of the table surface Large fixtures which 
hang over tbe working surface can thus be held, and dividing heads 
can also be set further apart than on a table nith the rim set below. 
If a table having a vertical face in addition to the borlzontal top 
face, has to be drained tbe oil rim Is cast as shown at C, which Is 
the table of a radial drill. The channel follows around the table 
and has a small well at the bottom, into which tbe waste collects and 
Is drawn ofT by a tap or pipe, 

DralnlnK the Lubricant to the Bupvly Tajik 
The end of the table is the place most commonly selected for draw- 
e convenient to apply or attach , 



e lubricant, because It li 
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a can or to connect a pipe The sectional view D Fig 12 Bhowe the 
end of a milling machine table with a draw oB tap and an enclosure 
adjacent to the hole to prevent chips from blocking up the tap An- 
other device to prevent choking which Impedes the proper flow of 
the lubricant. Is to fit guard strips to the channels as at £? ao that 
they cannot be quickly clogged with chips and thus cause table flood- 
ing. The fliltng up of the end pockets with chips Is avoided on some 
tables by the use of removable strainer plates as at F nhlch shows a 
plan view These plates are set at s-bout one-halt the channel depth 
so that there Is a clear space beneath for the liquid In the milling 
machines made by Messrs D & J TulUs Ltd of Cyldebank (Scot- 
land) the end pockets are connected by a pipe (A Fig 13) instead 
of having a deep channel on each side of the tee-slotted surface com- 
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paratlvely shallow grooves being milled in the top to conduct the 
waste to the pockets. 

When a. square or a circular table has to make complete revolutions, 
the waste la preferably drained through the center into a tank or a 
hollow bed, the alternative to this being to surround the table with 
a flxed pan Into which the oil drips and Is drained therefrom through 
a channel Into a receptacle below. In the central drainage system, the 
precise course of the oil ducts depends on the manner in which the 
table Is mounted. If there Is no central spindle, but merely a hollow 
boss, the oil can flow down through this, but if a solid spindle occu- 
pies the center, the drainage takes place through passages situated 
some distance out, as at B. Fig. 13, which shows a gear-hobblng ma- 
chine table. The oil falls into a rimmed enclosure and thence through 
apertures which lead down to a tank between the slldeways. 

The location of a spout or lip, when no pipe is connected, must de- 
pend upon the facilities for catching and the opportunities for main- 
taining the lip always over some portion of the pan or other receptacle. 
Frequently, it Is Impracticable to Insure the latter condition, and tb^il^ 
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piping, or Bpedal chutes leading to the mala tank have to be used. 
If a table or slide has a limited range of travel In relation to some 
part below It, the part below can, In certain Instances, be utilized as 
an Intermediate drain. The section O, Fig, 12, of a milling machine 
table and slide, 1b an lIluBtration. When, as in large plano-mlUer 
tables, there Is no other moving part, arrangements have to be made 
to receive the oil at any longitudinal position. This Is done by cast- 
ing or bolting a trough to the side of the bed. Just below the over- 
hanging drain hole or spout of the table, and locating the drain hole 
In such a position that It will never run past the lower trough. The 
oil drains from the latter Into a tank or hollow bed. A typical ar- 
rangement is shown at C, Fig. 13, and also In Pig. 14 (from a Walcott 




rack cutter), which includes the drain pipe from the trough Into the 
hollow base and the pump and auction pipe. 

Flexible tubing is employed very largely for drainage purposes. 
The only objection to It (beyond that of possible choking if of too 
small a bore) Is that it gets In the way of the operator, on some 
machines, especially when the movements are of considerable range 
and therefore necessitate long pieces of tubing. In a case like the 
one Illustrated at A, In Pig. 15, there Is no Inconvenience, because the 
tube is short and close to the frame, but at B, which shows an Alfred 
Herbert, Ltd.. vertical milling machine, the tubes are of necessity 
long and somewhat cumbersome. Some of this Urm's horizontal 
machines have a telescopic arrangement of piping extending from the 
cross-slide on the knee to the tank alongside the frame (as shown at 
A, Fig. 16), which accommodates itself to the vertical and horlsontal 
positions of the slide, and takes the place of a flexible connection. 
The lower view 8 shows how a flexible drain tube Is applied under 
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similar cIrcumstanceB, thia example being from French practice. A 
slide with vertical movementa can be drained by pipes, as represented 
at C. These pipes are telescoplDg and the lower one conducts the oil 
to a pan from which an outlet leads to the tank. Section D Illustrates 
the drainage Into the hollow frame of a drilling machine. There is a 
slot a of suBSdent length to permit the pipe to travel up to the limit 
ol the table adjustment 

Guards and Splash-plates 

Two other details which are required for many types of machines 

are the guards and splash-plates which prevent the oil trom flying 
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beyond the limits of the machine or drainage pan. These devices are 
necessary chiefly for work rotating rapidly and comprise curved plates 
or castings around chucks and parts of spindles as well as around 
rotating work, and Hat or curved plates held opposite the spindles or 
work, at some distance, so as to deflect the waste down Into the pan. 
Sometimes drills are also encircled by sheet f^ards to catch the oil 
thrown off by the curling chips. All these types of guards are usually 
removable to facilitate the work of the operator, and are either clipped 
to convenient places or blnged to swing back. A clip for holding a 
flat guard la shown «t A. Fig. 17. This Is also a conveoient device 
for holding curved pieces to At around the ansles of a pai 
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Inetead of riveting the clips permanently to the splasb-plate, At B 
1b represented a hinged guard for protecting the whole of an auto- 
matic screw machine head, two ot these being used. They can be 
swung down below the pan for Inspecting the bead. Hinged guards 
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are also fitted around the tables of boring and turning mills, whea 
lubricant must be used and the speed of rotation Is rather high. 

Dralnaffb Pans for Cutting Lubricant 

The nature and capacity of the drainage channels and drip-pans on 

any machine, depend both on the quantity of lubricant which Is likely 

to be employed and the course which It takes after leaving the tools 
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and work. Lubricant which does not escape from the bounds of a 
table and la caught Immediately by a pipe, or other means, does not, 
of course, require channels or pans for collecting It; but If there la 
extensive splashing, catchlng-llps, trays, or regular pans become essen- 
tial, until, !n Ihe dnal development, the whole machine stands In a 
large pan having deep sides. With a mlnlmbm of splashing or drip- 
ping, which causes a small amount of oil or sudB to trickle down the 
frame of a machine, a simple tray screwed on (as at A, Pig. IS) la 
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blned; llluatratlan shows another portable pan which has a separate 
Unk that Is fixed and carries the pump. The portable pbd has a 
lip, as shown tn the end view, to drain Into the tank beneath. 
The right-hand cabinet leg has a channel surrounding it which 
drains into the portable pan. For dealing with large quantities of 
chips, the pan on wheels is preferable to the fixed pan from 
which the chips have to be removed and transferred to some other 
receptacle for disposal. At B, Fig. 19, is shown a fixed pan that 
la suspended beneath the machine. This practice Is common in 
Germany because It enables pans to be added only when required, 
leaving the machine otherwise suitable for operation without cutting 
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lubricant Another suspended pan <on a Greenwood ft Batley special 
milling machine) is shown at A. In Fig. 20. This pan Is hung on four 
bolts and has plates to catch the drip from the overhanging table. A 
pan with splash-plate attached Is shown at B. Thls'pan is supported 
on lugs cast on the cabinet legs and has a well and drainage pipe d. 
The method of fitting a pipe of this kind is shown in Pig. 22. It has 
a packing ring a which is clamped by the shoulder of the bent pipe; 
the latter Is held In by the gland plate &. In the position Indicated, 
the pipe drains oil the contents of the pan, but when turned vertically, 
as shown by the dotted lines, It'retatns the lubricant In the pan, form- 
ing a simple tap or drainage cock. 

A farther development Is shown at A, Fig. 21, the drainage system 
Indndlng channels around each leg, so that no oil can escape, e 
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ing Into the pan; Id a more complete system, the whole bed Btande In 
a. pan Interposed between It and the legs, as at B. This Is common 
practice with some claases ot small milling and other macblneB wbicb 
rest upon a Qoor stand, and with the smaller automatic screw ma- 
chines. The larger ones either have a turned-up foot all around the 
base, or the whole machine stands in a large tray which Is partly 
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filled with lubricant, the depth ot the tray ranging from a few Inches 
to A foot or more. Milling machines standing In a separate tray, as 
at C, do not require such a large oil capacity as "automatics," especi- 
ally of the multl-splndle type. The latter often have a hollow cabinet 
leg which contains an extra oil supply. Supplementary sloping chutes 
overhang the edges of the trays of some automatics to receive drip- 
pings from projecting turret slides and spindle ends. 
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The practice of receiving all the chips and lubricant entirely within 
the bed is noticeable in the PIttler (German) turret lathes (Fig. 23). 
The Interior has a plate and grid to catch and drain the chips and 
there is a door at the end for their removal. The vessel to contain 
the chips is placed under the drainage lip by the door. The remain- 
ing portion of the machine frame, to the left, forms a tool cupboard. 
This utilization of the interior of the machine t>ase to hold the oil, 
in order to avoid the provision of an outside tank. Is a practice be- 
coming increasingly popular. The bases of drilling machines (i 
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Pig- 24), mlUlng machlneB, gear-cutters, etc., often form excellent 
tanks for the reception of cutting lubricant. The chief objection vtth 
some designs Is the dlfflculty of cleaning the tank. If the chips can- 
not enter the liollow body, this objection is negligible, but if they are 





free to fall in with the oil (as in Fig. 26), the chips become a nuisance. 
For this reason, special facilities are afforded for cleaning the tanks 
from which pumps draw their supply, in cases where the chips are 
fine and difficult to keep back. A tank. Instead of being bolted down, 
may be hooked over a pin etandlnK up from a lug (Fig. 25), without 
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r it may be tilted on lugs (Fig. 27). The 

e often suspended In this way. 

SepBTAtlon ot Chips and Lubricant 

The separation of chips presents little dlfflculty, when they are large 

and cannot possibly pass through a small opening which admits the 
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lubricant; but when they are fine, like the small chips from tbread- 
Ing machines, etc., and particularly those (rom hacksaws or cold saws, 
the greatest care has to be taken to prevent their entering the pump. 
This Is done In two ways: By using strainers, and by fitting divisions 
or weirs so that two or three have to be passed before the liquid 
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reaches the pump chamber. An example Is shown la Fig. 2S, which 
Illustrates the frame of a hacksaw machine built by Messrs. C. 
WIckateed tc Co., Ltd.. of Kettering (England). Soap-water is used aa 
a lubricant; this Is first received In the recess A In the bed, and Is 
drained at the front end B, which Is farthest away From the falling 
Bwarf or chips as they are carried back by the blade on Its return 
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stroke. A Bloplng trough then coDveys the lubricant to the tank C, 
which has two divisions, as shown. Light awarf which floats on top 
cannot pass over the first division, and the clear liquid goes under- 
neath to the pump chamber D. 

It chips are produced In moderate quantities. It Is well to hav« 
a separate perforated tray resting on the main pan, and empty this as 
required. One form is shown in Pig. 30. This trar should he deeper 
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when larger quantities of material are handled, and Is placed over the 
main tank, as shown at A, Fig. 29. It Is drawn out when full, for 
getting rid of the chips. For threading machines, the usual arrange- 
ment Is represented at B. This view shows the chip box A, with 
strainer and the settling tank B, with a division which prevents any 
sediment that might pass through the strainer from entering pump 
C. The latter Is of the plunger type, and there Is an air-vessel on 
the delivery pipe to Insure a more constant flow of lubricant In some 
designs, the interior, where the pump is located, forma an oil reaerrolr 
o[ larger capacity than the tank B. ^ , 
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Oil iB contained only In the foot or base of aome machlnea, cor* 
reepondlns in this respect to automatic screw machines, and the In- 
terior of the frame or the bed la used only to receive the chips. The 
sectional view C Illustrates a large Brown ft Sharpe automatic Kear- 
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cutting machine having this arrangement The base storee the oil 
(from 2S to 3D gallons) and the chips fall from the cutter^llde to the 
position Indicated, accumulating at the front eventually, and being 
removed through the opening for treatment In the oil separator. 
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INTRODUCTION 

During tlie last fifteen years several Intereatlntc and valuable 
proceaaes for Joining metal iiarta have been developed. The proceesea 
of ordinary forge welding, aolderlng, and bracing are very old, hav- 
ing been used from time immemorial. Forge welding la applicable only 
to the Joining of wrought Iron, low carbon steel and a few alloyB. For 
the sake of accuracy we must except gold which In the pure, annealed 
state has the curious property of welding cold under Dreseure; but com- 
mercially speaking, forge welding is limited to wrought Iron and mild 
■teel. Soldering can be used only on small, light worlc for Joints 
which are exposed to ordinary temperatures and those slightly above 
the boiling point of water. Inasmuch as the meltloK point of solder 
Is about 400 degrees F. Braxlng, that Is, the Joining of porta by the 
fusion of a spelter. Is applicable to iron, steel, copper, brass, and other 
metals. On many kinds of work It is a process rather uncertain In 
results, even in the hands of experts, unless a good equipment is pro- 
vided for controlling the beat and manipulating the work. 

Until within a few years, cast Iron could not be brazed successfully, 
because of the presence of the free carbon in the Iron. The brazing 
of cast Iron was made possible by the "ferroflx" process, which flrst 
decarboniaes the Joint, placing the metal in much the same conditioa 
as wrought iron, so far as the action of brailng is concerned, and then 
brasing follows in the usual manner. Prior to this discovery the 
Thompson electric welding process had been developed, by which almost 
all commercial metals except cast iron are quickly and homogeneously 
welded together, the Joint being raised to Incandescence by the flow of 
the electric current This process has bad a very successful com- 
mercial development, and Is now used for making thoueands of welds 
dally. The electric welding processes are essentially "autogenous," an 
expression that will be explained further on. 

The thermit process developed by Goldschmldt Is unique. Intense 
heat Is produced by the chemical reaction of pure aluminum and iron 
oxide In a finely divided state, the temperature rising as high as 
6,400 degrees F. One product of the reaction Is pure molten Iron or 
mild steel so hot that when poured upon the broken ends of a forging, 
surrounded by a suitable mold, the parts are Instantly melted, and the 
whole fnshed together with a mass of hot metal which, as it cools, 
binds the Joint together with a perfectly homogenous union. 

The latest development In the Joining of metals, which is now as- 
suming the proportions of an Important commercial development, is 
the so-called autogenous gas flame process. The term autogenous 
welding Is in some danger of becoming applied exclusively to various 
systema of gas flame welding. The flame produced by the combustion i 
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of hydroKen and oxygen, or acetyleDe and oxygen, la bo bot that the 
parts adjacent to tbe metal joint are Quickly melted together, forming 
a perfect union; but the meaning ol autogenous welding la simply a 
welding ot Its own kind, the parts being Joined together without the 
Introduction of spelter, solder or any foreign material. Hence any 
method of Joining metala by fusion of the Joint which does not require 
the Introduction of foreign material to make the weld la autogenous. 
Right here It may be said that the autogenous weld is the only re- 
liable Joining of aluminum parts that has been discovered. 

An autogenous Joint, when properly made, must be as strong as the 
adjacent metal, provided no change has been made In the character- 
tics of the metal because ot the heat. A broken forging that has been 
subjected to special heat treatment to Improve Its physical character- 
istics could not be autogenausly welded and made as strong In the 
joint as before, without, of course, again being heat treated. Tbe Im- 
portance of gas flame autogenous welding in Jointing thousands of 
manufactured artlclcB, which are now brazed, riveted or bolted 
together, la obvious. 



CHAPTER I 



THE OXY-ACETYLBNB AND OXT-HTDBOQKN 

PROCESSES OP METAL CinTINa AND 

AUTOGENOUS WBLDINO 

Within the past few years a valuable toot, unique In Its character- 
istics, has been developed for cutting, shaping, and welding metals. 
This 1b the ozy-acetylene "torch," which now la so well advanced that 
It bids fair to displace other emergency cutting and welding means 
to a large extent The oxy-acetylene process had Its Inception in 
Prance, the flrst experimenter being Mr. Edmund Fouche, ot Parts, 
who began his work on it In 1901. The principle ot the oxy-acetylena 
torch or burner is essentially the same as that of the oxy-hydrogen 
blow-pipe, which has been used for many years for generating Intense 
heat But though the oxy-hydrogen flame is Intensely hot the flame 
produced by the oxy-acetylene torch is so much hotter that the two are 
not In the same class. The temperature produced by the oxy-hydrogea 
flame Is rated by authorities at about 4,DO0 degrees F., while that of the 
oxy-acetylene flame Is estimated at about 6,300 degrees T. Not only ia 
the flame ot acetylene much hotter than hydrogen, but the number ot 
B. T. U. per cubic foot Is about five times as great, being as 330 to 
1600. Hence both the Intenelty and amount of heat Is greatly in- 
creased In the flame of the oxy-acetylene torch. A comparison between 
the two Instruments has been aptly put as like that of "a finely pointed 
tool and a blunt instrument" 
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OXY-ACETYLENE PROCESS S 

DeOnltlou ot Autoerenous W«Idljiff— Brief lizplaiuilioa of Method 
Aa already mentioned In the Introductory paragraphs, the procees 
of fusing and uniting metals by tbe application of Intense heat with- 
out compresalon or the use ot a flux is termed "autogenous welding," 
The temperature required Is obtained by the combustion of a mixture 
of gases, such as oxygen and acetylene or oxygen and hydrogen. One 
or both of these gases may be under pressure. The gases are mixed 
In the nozzle of the torch prior to combuatlon. Ordinarily, the weld Is 
formed by fusing in additional material between the surfaces of the 
Joint This material is in the form of a rod or wire and may or may 
not be of the same composition as the material being welded. 

Development ot Ozy-aoetylene Prooeas 
The commercial development of metal-cutting and autogenous weld- 
ing has been taken up by several concerns In the United States and 
Europe. The processes are essentially the same, the difference being 
in the construction of the torches and the manner in which the gases 
are generated. Great difficulties were at first met with In cheaply pro- 
ducing pure oxygen gas. The cheap production of acetylene had, to a. 
great extent, been satisfactorily solved In the extensive development 
of acetylene lighting, but even this art had to be further developed to 
meet all the requirements of metal welding and cutting work. There 
are four or five commercial means of making oxygen, these being 
principally the oxone or barium process, the liquid air process, the 
epurlte process, and the chlorate of potash process. The latter process 
Is used by the Davls-BournonvIIle Co., New Tork, and the following 
notes relate to the development of the art of metal cutting and auto- 
genous welding, as reached by this concern. 

A few of the purposes for which cutting and welding torches are 
commonly used are as follows: F^r cutting steel wreckage, steel pil- 
ing, steel beams In structural work, risers from steel castings, openings 
through steel plates, etc.; (or welding seams, reclaiming cracked cast- 
ings, filling blowholes In castings, adding metal to worn surfaces to 
secure the original thickness, welding piping without removal, filling 
holes that have been Incorrectly located, replacing broken gear teeth 
by welding in new material, sealing riveted seams to secure tight 
Joints without calking, etc. 

OeneratlnK the OzyKen and Acetylene 
The chlorate of potash process of generating oxygen la well known, 
being perhaps the simplest method. It will be found described In 
elementary works on chemistry. The oxygen of chlorate of potash can 
be driven off by gentle heat and, in practice, the potaah Is placed In a 
closed retort and subjected to a comparatively, low temperature. The 
reduction is facilitated by the addition of black dioxide of manganese 
In the proportion of 14 pounds of manganese to 100 pounds potash. 
The oxygen gas la passed through scrubbers and Is pumped into re- 
celvers. The pressure In the receivers Is varied according to the use, 

sic 
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it being desirable to compresB from 12S to 150 pounds per eguare Inch 
for metal cutting, while 15 pounds preaaure BufBcea for autogenous 
welding. The acetylene gas is produced In the Davis generator which 
Is adapted to all pressures up to 15 pounds per square Inch. The 
machine Is automatic and feeds lump carbide perfectly up to sizes 
that pass through 1-inch screen. The theoretical quantity at water to 
carbide is about ^ pound to 1 pound carbide, but to absorb the beat 
of the chemical transformation the generator is required to have a 
water capacity of l gallon water to I pound carbide. For repair shops 
«.nd work outside of the shop, a portable apparatus is required, and for 
such purposes the oxygen and acetylene gases are stored in small 
cylinders. The storage of osygen is a simple matter of pumping the 
gas into the cylinders until the required pressure has been reached. 
The storage of undiluted acetylene under pressure in tanks is im- 
practicable, hut fortunately. It was dIscoTered in 1896 by Claude and 
Hesse, two French engineers, that acetone, a fluid derived from the dry 
distillation of wood, is a remarkable solvent for acetylene, being cap- 
able of absorbing 25 times its volume at 60 degrees F. tor each atmo- 
sphere. At ten atmospheres, or 150 pounds pressure per square Inch, 
a gallon of acetone absorbs 250 gallons of acetylene gas. When ab- 
sorbed by acetone, acetylene is non-exploalve under heavy pressure. 
A red-hot wire might be thrust into the receiver with absolutely no 
elTect, provided there Is no free space occupied by acetylene gas. 
To prevent the possibility of there being free spaces for the accumula- 
tion of BBH, acetylene storage tanks were designed by Mr. Edmund 
Fouche. which are packed with porous brick, asbestos or other neutral 
porous material, thus filling the entire free spaces and affording stor- 
age for the acetone and acetylene gas only la the cells of the fliling. 

Impurity of Oiygoa 

It Is of considerable Importance to understand the effect of impure 
oxygen. The impurities which have any especial claim to attention are 
those which arise through the presence of nitrogen or hydrogen. If 
the oxygen Is prepared by the liquefaction of air, some percentage of 
nitrogen will be very sure to be present Nitrogen Itself seems to be 
harmless, in so tar as any HI effect on the metal Is concerned. It fs, 
however, practically unburnable, and so clogs the action of the oxygen. 
It probably also tends to cool the heating flame and thus retard the 
work. In the manufacture of oxygen by the electrolytic process, the 
principal Impurity will probably be hydrogen. Aa hydrogen is a gas 
that is readily combustible It has but little efTect on the heating flame, 
but In the cutting stream of oxygen Its presence doubtless gives rise 
to a clogging effect similar to that of nitrogen. At all events, whether 
we account for the result in one way or another, the presence of nitro- 
gen or other Impurities In the oxygen supply has the effect of retarding 
the cutting operation. This retardation means a labor loss In addition 
to a gas loss, besides hindering output. Certain experiments carried 
out abroad will assist us In seeing just how serious the retardation Is. 
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OXT-HTDROGEN PROCESS 7 

Table 1 gives tbe reanltB of twenty-six experiments, all tried on sheets 
of the same kind, of the some thickness, and with the same style of 

It will he seen at once that the purity of the oxygen plays a most 
important part In the efficiency with which cutting may be accom- 
plished. With oxygen 86.6 per cent pure. It requires three times as 

TABLB I. ma BBQtmOD FOR OZT-HTDROaiM CUTTDia OP XXTXLS 

Sloiicoa-lbitin ihaM MeeL l.tB Inch thick. Osr-hjdncen proeednn. Gmi 
eonninptloQ pir minute: H7dRV«D. l.M ^uMi. -Twd- Aniran. n.9R nnhlf toot- 
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long to cut the 1.18-lnch plate as with oxygen 99 per cent pure. This 
means that the cost Is three times as much. Bxen tbe one-half of one 
per cent drop from the 99.0 per cent oxygen to the 98.5 per cent quality 
means an Increase In the expense amounting to 16 per cent. So even 
It the better grade of oxygen should cost more, we see from the fore- 
going that It would have to cost a great deal more to matce It a matter 
of no Importance which grade of oxygen Is used. ^-~ ■ 
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Id Table II the same kind of steel and the same thickneBs of sheets 
are to be understood as Id Table 1. Tbe pressure o( the oxjrgeti is in- 
creased, however. Note especially that here we have the alternative 
procedure with acetylene gas. 

II win be noted that we do Dot have aD? experlmentB here with 99 
per ceot oxygen. ConiparlaK the 98.5 per cent purities In Tables I and 
II,' we see that the acetylene cutting has the advantage. The result 
with 94.75 per cent oxygen, hydrogen cutting, when compared with 
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the work done with 94,50 per cent, acetylene cutting, indicates that the 
efflclencies at this degree of Impurity are about the same. This would 
become all the clearer by drawing curves Illustrative of the last 
columns In Tables 1 and II and then superimposing them on each 
other. It must be borne In mind, however, that the oxygen pressure 
Is distinctly higher with the acetylene experiments. 

The Oz7-acatylene Torch 
Fig. 1 shows tbe Davls-Bournonvllle Co, 'a cutting and welding torches. 
The upper illustration Is the cutting torch and differs from the weld- 
ing torch shown In the lower Illustration simply In that It has an 
auxiliary detachable oxygen tube secured to the side. The welding 
torch has an acetylene gas tube and an oxygen tube which combine 
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in a tip or nozzle Irom wbicb tbe united gases tlow and burn. The 
upper tube Id each Illustration 1b for oxygen, wblle tbe lower tube is 
for acetylene, the two gases uniting at tbe end ot the removable tip 
within the body of the torch. 

In Fig. 2 is shown a line engraving of a standard oxy-acetylene 
torch for medium and heavy welding. As will be seen, there are two 
small pipes which have hose connections at one end. The opposite 
ends are attached to a bead which holds the torch tip or nozzle. The 
pipe for acetylene opens Into a cylinder which serves as a handle and 
is packed with a porous material that maltes It impossible lor the 
flame to pass this point However, "flash bacii" is not likely to extend 
back of the tip. The tips are interchangeable, different sizes being 
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required for various classea of work. The mixture of the oxygen and 
acetylene gases takes place within tbe tip. The acetylene is admitted 
under lower pressure than the oxygene, and through Inlets at right 
angles to the oxygen Inlet to insure thorough mixing. Regulators on 
tbe storage tanks serve to control the working pressures of both gases. 

Adjustlnff tbe Torcb 
Before lighting the torch, the regulator on the oxygen tank should 
be set to give tbe required pressure. The average pressures used for 
welding different thicknesseB of metal are given in Table III. The 
acetylene Is lighted first, the regulator being adjusted so that there la 
a fairly strong flame. The full pressure of the oxygen Is then turned 
on, after which the acetylene pressure is varied by means of the 
regulator until the two cones which appear in the flame at flrst are 
merged into one smaller cone. After this cone Is formed, no more 
oxygen should be added. It Is also well to occasionally test the cone 
by increasing the acetylene pressure slightly, which w-ill Immediately 
cause an extension at the point of the cone. When 
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properly formed, It will be neutral, so that tt wilt neither oxidise 
(burn) or carbonize the metal. An 'excess ol osygen will cauae burn- 
ing and oxidation, whereaa an exceaa of acetylene will carbonize the 
metal. The tip of the cone Bbould Just touch the metal being welded, 
but not the point of the torch, as this might cause a "flash back." An 
excessive discharge of eparka' Indicates that too much oxygen is being 
used and that the metal Is being burned or oxidized, although when 
welding thick metala, there will be a considerable volume of sparks, 
even though the flame Is neutral. 

Size of Torch Tip 
The proper eize of tip to use for welding depends upon the thickness 
of the work and the rate at which the heat Is dissipated. Sometimes 
the rate of conduction and radiation Is affected by the location of the 
parte to be welded. In general, heavy parte wilt conduct the heat more 
rapidly from the working imint, and to offset this loss of heat a larger 
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tip is used. In any case, the tip should be as small as Is compatible 
with good work, to economize in the use of gases. If the flame la too 
email for the thickness of metal being welded, the heat will be radiated 
almost as fast as produced; hence, the flame will have to be held so 
long at one point to effect a weld tbat tbe metal will be burned. On 
the other hand. If the flame is too large, the radiation may be Insut- 
flclent to prevent burning the molten metal. The tip should give a 
flame that will reduce the metal to a plastic, molten condition (not too 
fluid), covering a width approximately equal to the thickness of the 
metal being welded. 

High- and Low-pressure Torchea 
The difference between high- and low-pressure oxy-acetylene welding 
and cutting torches, according to the generally accepted meaning of 
these terms. Is In the pressure of the acetylene gas. The oxygen, In 
each case, la under a pressure of one or two atmospheres. With a hlgti- 
pres^re torch, the acetylene gas has a working pressure of one pound 
or more (depending upon the nature of the work); in tbe low-pressure 
type, the acetylene g&e only has a pressure of a lew ounces. The 
operation of the low-pressure torch Is on the principle of an injector, 
in that the jet of oxygen draws the acetylene into the mixing chamber 
which is in the torch tip. The proportion of oxygen to acetylene varies 
somewhat with different torches; It usually ranges between 1.14 to 1 
and 1,7 to 1, more oxygen being consumed than acetylene. ^ 
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MnUny AUtOBNlOUB W«Ida 

To become proficient In the art of autogenous welding requires ex- 
perience and practice, but a knowledge of some ot the fundamental 
principles will enable the operator to make more rapid progresB. It 
is advisable to begin by welding thin strips of iron or steel not over 
% inch in tbicknesa. Such light metala can be welded without the 
addition of a fllUng-in material. The torch should be given a rotary 
motion accompanied by a slight upward and forward movement with 
each rotation. This movement tends to blend the metal and reduces 
the liability of overheating. If comparatively thick materlEtls are to 
be welded, the edges should be beveled (by chipping, or In any other 
convenient way), as shown in Fig. 3. The beveled aurlaces are then 
heated by a circular movement of the flame, care being taken to melt 
them to a soft, plastic state without burning the met&l. Wherever 
fusion occurs, new metal should be added from a "welding rod," the 
composition of which is suitable for the work in hand. In continuing 




Kathitd of VtJiint Thlok lUtariaU 



the beating operation, the flame should be swung around In rather 
email circles and tie advanced slowly to distribute the heat and pre- 
vent burning. The surface should be thoroughly fused before adding 
metal from the welding stick, and the latter should be held close to, 
or In contact with, the surface. The beat la then radiated from the 
welding rod to the work, whereas if the metal were allowed to drop 
through the flame, it might be burned to an injurious extent. When 
the weld la completed, it Is advisable to pass the torch over It, so that 
all parts will cool from a nearly uniform temperature. 

When welding two parts together. It la Important not to heat one 
more than the other, because the hottest piece will expand most and 
the weld may crack In cooling as the result of uneven contraction. 
When making heavy welds, the paKs should be brought to a red beat 
for a distance of about three times the thickness on each aide of the 
weld, for thlcknessea up to one inch, the distance being increased some- 
what for heavier parts. The following suggestions are given by the 
Davis-BournonvIUe Co., and apply to the welding of various metals. 

Welding- Cast Iron 

If the work is in such a form that It may crack In cooling, it should 

be pre-heated, but not enough to warp the metal, no part being 

heated to a dark red except at the welding point (See Chapter II.) 

Whether the metal is pre-heated or not, it should be covered as a 
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the weld Is flnlsbed and be allowed to cool slowly. II the metal is 
more than U Incb tblck, the edges should be beveled at an angle of 
about 46 degrees on each side. For comparatlTely heavy welds, It Is 
well to leave three amall points of contact for aligning the broken parts 
In the original position. To make the weld, the flame should be passed 
lor some distance around the fracture and then be directed onto it until 
the metal is cherry-red. When this occurs, have an assistant throw 
on a Uttle scaling powder, and when the metal begins to run, add cast 
iron from the cast-Iron "welding stick," which should be ot specialty 
refined material. Powder should only be added when the metal does 
not flow well, as Uttle as possible being used. Never attempt to re- 

TABLE ni. AFPBOXDCATE BODB COST OT OXT-AOETTLENE WELDOfO 
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weld pieces that have been previously welded ( 
cutting away all ol the old metal. 

Waldlnff Steel 
Steel less than ^ inch thick can be welded without the addition 
ot any welding metal. If the thickness exceeds % Inch, the edges 
should be beveled or chamfered. It Is very Important not to add the 
welding material until the edges are fused or molten at the place 
where the weld is being made. The welding metals should be of 
special wire, and In no case should the flame be held at one point 
until a [oam Is produced, as this Is an indication that the metal la 
being burned. Do not hold the ilame steadily In the center at the 
weld, but give It a circular motion with an uplifting movement at 
each revolution, the object being to drive the molten metal toward the 
center of the weld. When welding a crack located in the middle 
of a heavy steel sheet, begin by chamfering the metal on each side 
of the fracture at an angle of 45 degrees, the slope extending to the 
bottom; then apply the welding torch to the sheet beyond the end 
of the crack, until there is Gufflclent eTpansion to open the crack 
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perceptlblr- Tbe weld should then be made, and, as a rule, It will 
be found that tfae ex[)anBlon will compenBate for tbe contraction when 
cooling. A Blight ezcesB of oxygen is less harmful than an ezcsBS 
of acetylene, but it 1b important to so adjust the gases that tbe flame 
Is neutral. When the weld Is completed, paaa the torch over It and 
the surrounding metal, as previously mentioned. 

Weldlnar Aluminum 

Aluminum that is to be welded should be scraped and cleaned, and 
It tbe stock is more than 14 inch thick. It is advisable to chamfer the 
edges. The oxy-acetylene flame can be reduced or "softened" by 
using an excess of acetylene to a degree which will be Indicated by 
the extension of tbe acetylene cone from 1 to 1^ Inch beyond the 
white cone. This excess of acetylene does not injure aluminum, but 
lowers the flame temperature which is desirable when welding alumi- 
num. Before welding this metal, heat the entire piece in a' charcoal 
Itre or furnace to about 300 or 400 degrees below the melting point 
Then cover it with asbestos or other material (leaving an opening 
where the weld is to be made). In order to keep tbe work hot until 
the weld Is completed. When the weld Is made it should be covered 
completely, aa a protection against drafts, to Insure slow cooling and 
prevent shrinkage cracks. Many aluminum parts can be welded with- 
out pre-beating, such aa lugs or projecting pieces broken off com- 
pletely. When a welding flame is applied to aluminum, It will be 
noticed that the metal does not run together. A flattened iron rod 
should be used to puddle the aluminum, and this rod should be wiped 
frequently, so that It will not become coated. The rod should not he 
allowed to reach a red heat, thus causing oxide of Iron to form on , 
It, as this would cause a defective weld. A good aluminum flux will 
be found advantageous. The aluminum to be added should be in 
sticks of special composition, obtainable from tbe makers of welding 
apparatus. The quality of the welding metal has much to do with the 
quality of the weld. 

Welding Braes and Copper 

For brass, adjust the flame until there Is a single cone, as for steel 
welding. Keep the point of the white flame slightly away from the 
weld, according to the thickness of the piece, so that tbe heat will 
not be Buffioient to burn the copper in the brass or volatilize the zinc. 
If a white smoke appears, remove tbe flame, as this indicates excessive 
beat. A little borax should be used as a flux. For brass welding. It 
is advisable to use a tip about one size larger than for the same 
thickness of steel. As the weld is really cast brass, It will not have 
the strength of rolled sheet brass. Do not breathe tbe fumes while 
welding brass. 

To weld copper use the same kind of flame as for steel, but a much 
larger tip for corresponding dimensions, because of the great radiat- 
ing property of copper. Pre-heatlng is neessary when a large piece 
of copper is to be welded, as otherwise so much heat from the torch 
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will be dissipated by radiation that little will be lett lor fusing the 
metal. Copper will weld at about 1S30 degrees P.; hence, the flame 
need not have so high a temperature as for steel and It must not be 
concentrated on so small a surlace. On account of the radiation, 
however, the total quantity of heat must be greater. Welded copper 
has the strength of cast copper, but can be rendered more tenacious 
by hammering. The radiation of heat from copper can be consider- 
ably lessened by covering it with asbestos sheets while heating. To 
weld copper to steel, first raise the steel to a white heat (the welding 
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IKiint); then put the copper Into contact with It and the two metals 
will fuse together. When the copper begins to flow, withdraw the 
flame slightly to prevent burning. 

Weldlnir WacvUaiieous M«tala 

To weld high-speed steel to ordinary macblue steel, first heavily 
coat the end of the high-speed steel with soft special Iron, obtain- 
able from the makers of welding outfits. This can be done without 
heating the high-speed steel to the burning point. After cooling, the 
high-speed steel can be welded to ordinary machine steel without 
burning, but eiperience Is required to make a good weld of this kind. 

To weld cast Iron to steel, cast-iron rods are used as welding ma- 
terial. The steel must be first heated to the melting point, as cast 
iron melts at a lower temperature, A very little scaling powder 
should be used. 

i:,, o::,GOO»^IC 
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The welding of malleable iron Is dlfllcult for several reasons. If 
malleable Iron is raised to tbe melting point and kept there lor any 
length of time, the metal becomes spongy and changes to what Is 
practically cast Iron. To weld It, coat the edges with soft special 
Iron, using a little scaling powder, and then flnisb the weld by the 
addition of special Iron. To fltl blowholes in malleable Iron, use cast 
Iron lor a tiller, and to avoid hard spots, pre-heat the metal so that 
the oxy-acetylene flame Is used as little as possible. 

Certain grades ol cast steel can be welded more easily than ordinary 
rolled steel, but other grades, especially of blgh-carbon composition. 
are very difficult to weld and some cannot be welded at all. When 
diflUculty is experienced, the addition of one or two drops of copper, 
melted Into tbe weld, will cause the metal to flow and a fairly good 
weld can be made, but copper is likely to harden the metal bo that 
It cannot be machined except by grinding. 

Tllllnar Blowhalea 
To fill large blowholes in brass or copper castings, pre-heat the 
casting to a temperature between 200 and 400 degrees F. below the 
melting point, or to a bright red color. Have some of the same metal 
melted in a crucible ready to pour; then apply the torch to the blow- 
hole to be fltled and when the walls of the hole have been brought 
to the melting point, gradually pour in the metal, keeping the walls 
fused by using the flame. Continue mixing the poured metal with 
the molten metal of the walls, until the blowhole Is filled. 

Biiots In Weldlnv 

When making heavy welds, there often Is a spot in the middle 
of a weld where the metal refuses to flow, because the metal Is not 
hot enough surrounding this spot, the heat being absorbed by the 
cold metal; consequently, the added metal ia chilled. To remedy this, 
play the flame in a radius of from ^ to 1 Inch, acound the refractory 
point until the surrounding metal Is at a white heat; then apply the 
flame to the spot itself and It will quickly unite with tbe other molten 
metal. 

Szamples ol Weldlnir Operations 

pig. 4 Illustrates the welding of thin steel retorts for generating 
oxygen gas. The material for the retorts Is bought In drawn shape, 
one part being made with a collar and the other having a rounded 
bottom. The length of the retort is too great to permit its being 
drawn in one piece, hence the necessity of welding the two parts 
together near the center. The following la the approximate cost of 
welding 1/16-lnch metal. The consumption of acetylene Is 2.S cubic 
feet per hour; of oxygen 3.6 cubic feet at a pressure of S to 10 pounds. 
The rate of welding Is about 60 feet per hour, and with labor at 30 
cents per hour, the total cost per hour Is 43.6 cents, or less than 9/10 
per cent per lineal foot The cost of welding increases with the thick- 
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□ess ot material, of course, reacbing an estimated cost of SO to 95 cents 
per lineal toot for 7/16- to i^-inch thick metal. 

In Fig. 5 is Illustrated the welding of a broken flange on a caeting. 
This job, which would have been difficult and expensive by brazing, 
was easily accomplished. In this Illustration, as In Fig. 4, the operator 
is shown feeding material into the weld, the same as a tinner feeds 
solder when soldering. For welding steel and wrought Iron a special 
iron wire is used as already mentioned, and for welding cast Iron, 
rods of cast Iron. 



Parta to be welded together autogenously are often pre-heated by the 
ise of a blow-torch, gas furnace, charcoal flre, etc This pre-heating 
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Is done either to economize in gas consumption or to expand the metal 
before welding. In order to compensate for contraction In cooling. 
Usually it Is advisable to pre-beat comparatively heavy, thick metals 
(especially If cast) before welding. This equalizes the Internal strains, 
and very materially reduces the cost. In many Instances, it Is much 
better to produce expansion before welding, than to attempt to care 
for the contraction afterward. When there is a straight crack, it can 
usually be opened uniformly by heating the metal at each end and 
keeping it hot while the weld is being made. As a rule, the expansion 
obtained by heating at the ends will compensate for the contraction 
which accompanies cooling. When a part has been pre-heated. It Is 
well to place sheets of asbestos over It to protect the operator and 
prevent heat radiation, the surface to be welded being exposed.- Where 
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a piece of met&l haa been eevered completely or a projection has been 
broken off, pre-beatlng will not be necessary. This subject will be 
dealt with In detail in a following chapter. 

Cuttluii M«taJB wltb Oxldlzlns Flame 
The oxy-hydrogen and ozy'acetylene flamea are eepcclally adapted to 
cutting metals. When iron or ateel la beated to a high temperature. 
It has a great affinity for oxygen and readily combines with it to form 
different oxides which causes the metal to be disintegrated and burned 
with great rapidity. The metal-cutting torch operates on this principle. 
Ordinarily, two Jets or flames are used: First there is an ordinary 
welding Qame for heating the metal, and this Is followed by a Jet of 
pure oxygen, which oxidizes or burua the metal. The kerf or path left 
by the Bame is suggestive of a saw cut On some torches the oxygen 
Jet Is obtained by the application of a separate cutting attachment to 
B regular welding torch. This attachment fs little more than a pipe 
containing a tip, which supplies a pure oxygen Jet located close to the 
regular heating flame. Torches are also designed especially tor 
cuUing, 

Operation of Outtlns Torch 
When starting a cut, the steel Is first heated by the welding flame; 
then the Jet of pure oxygen Is turned on. The flame should be 
directed a little Inward, so that the under part of the cut is somewhat 
in advance of the upper surface of the metal. This permits the oxide 
of Iron produced by the Jet to readily fall out ot the way. If the 
flame were Inclined In the opposite direction or in such a way that 
the cut at the top were In advance, the oxide of iron would accumulate 
in the lower part of the kerf and prevent the oxygen from attacking 
the metal. The torch should be held steadily and with the cone ot the 
beating flame Juat touching the metal. When accurate cutting ts 
necessary, some method of mechanically guiding the torch should be 
employed, 

ThiclcneBa of Matal to be Cut 
The maximum thickness of metal that can be cut by these high- 
temperature flames depends largely upon the gases used and the 
pressure ot the oxygen ; the thicker the material the higher the pressure 
required. When using the oxy-acetylene flame. It might be practicable 
to cut iron or steel up to 7 or S inches in thickness, whereas with the 
oxy-hydrogen flame the thickness could probably be increased to 20 or 
24 Inches. The oxy-hydrogen flame will cut thicker material princi- 
pally because it Is longer than the oxy-acetylene flame and can pene- 
trate to the full depth of the cut, thus keeping all the metal In a molten 
condition so that It can easily be acted upon by tbe oxygen cutting Jet 
A mechonically-gulded torch will cut thick material more satis fac to rlly 
than a hand-guided torch, because the flame la directed straight Into 
the cut and does not wabble, as It tends to do when the torch is held 
by hand. With any flame, tbe cut Is leas accurate and the kerf wider. 
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as the thickness of the metal Increases, When cutting light material, 
the kerf might not be over 1/16 Inch wide, whereas, lor heavy stock 
It might teV* OT % Inch wide. 

CuHlnv Matal under Watar 

A German engineer has designed a burner which makes It posBlbte 

to use the hydrogen-oxygen flame for cutting metals under water. 

The burner consists of a bell-shaped head which Is screwed onto an 

ordinary burner and which allows the flame to continue to burn below 



the water In a supply of compreased air. This process baa been so 
Improved of late that the cutting of metals under water is claimed 
to be ejected almost as quickly as above the surtace. At tesU made 
with the new apparatus at the harbor at Kiel, before prominent en- 
gineers and representatives of the German government, a. diver went 
down Into the sea to a depth of about IS feet, and, after boring a bote 
Into an Iron bar 2% Inches square, cut off the bar in about thirty 
seconds. An Iron sheet % Inch thick was drilled through and cut (or 
a distance of one foot In ninety seconds. 

azBinple ot Metal Cutting 

Fig. 6' illustrates the use of the cutting torch cutting off steel sheet 

piling. This work Is done with rapidity, and Is a very spectacular per- ■ 
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fomiBnce. In the case of cutting, the combustion of Oie steel materi- 
ally raisee the temperature and assists In the work. This vas itolated 
out hy Chevalier C. de Schwarz In a paper read before the May, 1906, 
meeting of the Iron and Steel Institute, and it gives one a startling 
Idea of the power of the oxygen cutting flame when the concentration 
of the heat units produced Is known. Burning 1 pound of acetylene 
with oxygen produces trom 1S.2E0 to 21,G00 B.T.U. The mean value 
may be taken as about 19.7G0 B.T.U. per pound, and the number of 
cubic feet at atmoephcrlc pressure at about 14^, Now, the burning of 
1 pound ol steel with oxygen produces approximately 2,970 B.T.U., but 
at atmospheric pressure 1 pound of acetylene gas fills 6,760 times the 
space of 1 pound of steel. Hence, the Intensity of the heat with per- 
fect combustion of the steel In oxygen wilt be, theoretically, 
6760 X 2970 

= 1,015 times the intensity of heat of the oxy-acetylene 

19.750 
flame. As a matter of fact, of course, this enormous temperature is 
not even remotely approached, because the metal dissolves at a far 
lower temperature and passes oS In sparks, which are speedily cooled 
by the atmosphere. 

The following Qgures will give an idea of the coat of cutting metals 
by the processes described. Assuming oxygen at 3 ceots per cubic foot 
and acetylene at 1 cent per cubic foot, 2 feet of <4-inch thick steel can 
be cut per minute at a cost of 1.3 cent per foot, and 1 foot of l^-lnch 
thick steel can be cut per minute at a cost ol 7.6 cents per loot. This 
cost is for gas alone; the cost of labor must, of course, be added. The 
figures given are tor machine-guided torches. When cutting with a 
hand-guided torch, the gas consumption will be approximately one- 
third more and the number of feet cut per hour, one-third less, than 
when the torch Is mechanically guided by a special cutting machine. 
The variation, of course, depends to some extent upon the skill of the 
operator. 

When cutting with the oxy-hydrogen flame and assuming the cost 
of oxygen at 3 cents per cubic foot and the cost of hydrogen at 1% 
cent per cubic foot, the cost ot the gas per foot for cutting ^-incb 
thick steel Is about 7 cents and the cost ot cutting m-lnch thick steel, 
about 18 cents per lineal foot. Cutting with a hand torch Increases the 
cost slightly. While the oxy-hydrogen process Is thus more expensive 
than the ozy-acetylene process for thin stock, it has the advantage 
that it can be used on much heavier material than the oxy-acetylene 
flame, as explained In a previous paragraph. 
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PRB-HBATING METALS TO BE WBLDBD BY 
THE OXT-ACBTYIjENB PBOOHSS 

The use of the oxy -acetylene torch for heating the work from the 
ordinary open-air or room temperature to that of, say, red heat, la a 
rather wasteful method. It Is frequently more economical to do this 
pre'heatlng by Bome cheaper method and then to complete the heating 
with the torch. Various methods are used for pre-heatlng; as a, rule 
these methods are comparatively simple. A number of examples will 
be described In the following. 

In pre-heatlnK a large cast-iron kettle, a charcoal fire was employed. 
The kettle weighed about IS, 000 pounds and the metal around the 
crack, which was about two feet long, was several inches thick. The 
crack was in the bottom and so the kettle was overturned tn order to 
make the crack more easily accessible. The pre-heating was then done 
from within the kettle, and, In this case, was not only economical but 
probably essential, as It would have been ditScult to obtain the re- 
quired amount of heat by the torch flame alone. Asbestos sheeting was 
employed to protect the operator from the heat radiation. 

BepBirinK a lK>comotlTe Cylinder 

In repairing a break In a locomotive cylinder. Fig. 1, the pre-heatlng 
was also done with charcoal, a temporary oven having been built up 
of loosely laid bricks, as shown in Fig. 2. The fire was kept going for 
two and one-half hours, at which time a dull red heat was secured. 
This condition was maintained for six hours longer during the weld- 
ing operation. It Is often possible to use an ordinary blacksmith's 
forge for the pre-heating, and it a great many similar parts are to he 
handled, a special forge and bellows may be found of advantage. In 
addition to the use of charcoal, torches using Illuminating, producer, 
or natural gas, oil, or gasoline, may be employed; in fact, any method 
for obtaining a large amount of heat, but not necessarily a high tem- 
perature, can be employed. In one case, In welding a break In a loco 
motive engine frame, a gasoline torch was employed for the pre-heating, 
the torch being applied throughout the welding operation. In cases 
of repetition work, special arrangementa of pipes and burners may be 
advisable. 

Various Methods of Pre-heatlnff 

In one plant in Europe, where tubing Is manufactured with the aid 
of power-driven gas-welding machines, provision is made for the rolled 
but unwelded tube to pass through a mufOe just before reaching the 
torch, so that the tube is bright red when passing under the torch. 
Sometimes the outer flame of the torch itself may be used for pre- 
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The use of the onter flatne for pre-beatlng may come to be an Impor- 
tant lactor. A large quantity of beat is generated by this Same. la tbe 
machine referred to, the clamps arranged along the Bides of the seam, 
are bevel'ed to afford accesB to the torch, the bevels being quite steep — 
about 60 degrees. The writer would suggeat that similar clamping 
bars be formed in connection with regular liand-weldlng work, bo as 
to provide a canyon-like working groove. In hand-weldlng larger 
sizes of tubing. It would also be practicable to provide' a series of gas 
Jets on a single supply pipe beneath the Joint In this way the edges 
could be pre-heated with cheap gas. 

Fr«-hflatlns to Prevent Unequal SixixuiBlon or Contraction 
Pre-heatlng is often resorted to for reasons other than those of 
economy of gas consumption. It la used where the effects of ex- 
pansion and contraction are objectionable. The rise of 2000 degrees 
in the temperature of a metallic body occasions considerable espauslon 
in every direction. For example, a 12-inch eteel bar will lengthen 
about G/32 InclL It is easily seen that the sudden swelling and re- 
sultant shrinking of only a small part of the work may, at times, have 
disastrous results. Take as ai example the spoke of a Hy-wheel with 
a piece broken out. This piece Just Qts Into its place. If we repair this 
by making the required grooves and then filling them with new metal, 
thus producing an apparentl7 good weld, we will find that, upon cool- 
ing, a break will frequently occur la the weld or at some other point, 
due to the contraction. A eimtlar case is met with ia a crack in a cast- 
ing. It Is chipped out In order to obtain beveled edges for the flame, 
the faces are heated, and new molten material Slled in. When the 
weld cools off, however, the new material is likely to shrink anay from 
the walls of the crack. 

Now what can be done to meet this condition? If we could' uni- 
formly heat the whole piece inside and outside, we should probably 
have an Ideal solution, but one of the great objects In oxy-acetylene 
welding is to localize the heating. We can, however, pre-heat a larger 
portion of the whole body than Ib required for the welding alone, and 
in this way distribute the stresses. In the case of the flywheel, the 
broken spoke, the adjacent spokes, and the Intervening rim may be 
heated to a red heat, gradually diminishing toward the other parts of 
the wheel, so that the pre-beatlug Itself docs not Introduce new stresses. 
When the new material for making the Joints Is f.lled In, the spoke Is 
naturally longer than It will be at ordinary temperatures, and while 
there is a local contraction of the weld, there Is also a general con- 
traction of the whole spoke and those adjacent, which diminishes the 
effect In the case of a cracked cylinder casting, the pre-heating of the 
metal beyond each end of the crack, if properly done, will ordinarily 
open up the crack so that when it is fllled with new metal, the amount 
which is used will be sufficient when the cylinder cools off, to (III the 
original space. Ordinarily, the walls of the crack should be held apart 
until the weld Is completed, so that the width of the crack and the new 
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metal will contract together. If the crack runs from a point wtthia 
the perlpbei? all the way to the edge It may be opened up by heating 
at a point a little further In than the beglDnlng of the crack. The 
welding Is begun at the Inner end of the crack, working toward the 
edge. 

The pre-heatlng should ordinarily be done rather slowly so as not 
to introduce sudden temperature changes and stresses. Slow heating 
is especially to be advised when there is a combination of thin and 
heavy parts. Similar remarks apply to the cooling, which should be 
slow to be safe; the cooling may be retarded by the use of asbestos 
sheeting or by packing the object in heated ashes or heated slaked 

Tmnporary Punuoe lor Pre-heating' 

When it is iKissible to pre-beat the entire casting, this seems to he 

the best way of taking care of expansions and contractions. Castings 
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Hi. 4. Anansamuit of Tamponrj Bcl«k FnnuKW 

the size ol which makes necessary special arrangements may be placed 
on a bed of fire-brick arranged with spaces between them.' A tem- 
porary wall or furnace is then built around the whole, flrc-brick being 
used for this also. These are arranged, of course, without the use of 
mortar, with very narrow openings between them, one method of con- 
stmctlng such a wall being shown In. Fig. 4. 

Flat steel bars may be employed Just abore the separated course of 
bricks A. The top course may he held In place by a steel band. The 
object of the open spaces Is to provide a draft Charcoal Is now tilled 
in between the casting and the wall and the Are started. A sheet of 
asbestos is used as a cover. This cover should contain a number of 
holes so as to provide an exit for the gases. 

Hood us«d for Pre-heatlns Operations 
Another method is to make a hood of a material that Is a poor con- 
ductor of heat. Such a hood is shown In vertical section in Fig. E. 
The walls consist of two sheets of wire netting with an intervening 
space filled with asbestos. A hole, the wall of which Is made of sheet 
iron. Is provided at the top. Another aperture also lined with sheet 
Iron Is provided on one side of the vertical cylindrical wall. The bot- 
tom of the hood is furnished with an annular base ring of sheet iroit 
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the netting and sheet Iron being lolued by welding. Provlalon should 
be made for lifting and lowering the hood, so that It can be let down 
over the caating which U to be pre-heated. To make a tight Joint 
with the floor, some loose asbestos may be used aa a foundation tor 
the hood. A kerosene or other torch may now be ineerted through 
the aperture in the aide. Some kind of shield may be UBed Just in- 
side of the side opening to divide the flame, ao that, aa tar as possible, 
the casting will be encircled by it Sometimes It la advisable to use 
auxiliary Area on shelves above the main Are at the bottom. This is 
especially to be recommended for tall castings, so that there wilt be 
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no severe concentration of heat at one point. Aa already mentioned, 
the heating should be done slowly, the flres being started tn a moder- 
ate way and gradually increasing in Intensity. During the welding 
the hood must, ot course, be raised, and when the welding la com- 
pleted the hood may again he lowered into positlou In order to retard 
the cooling. The oil torch should be brought into service again tor a 
short period. It may then be shut oft and the openings of the hood 
covered. In this way, slow and even cooling Is assured. 

In general, after a welding operation, the casting ehould be reheated 
as soon aa the welding Is completed, and then covered with asbestos 
wool or scrap asbestos. The casting may also be burled In any of the 
materials ordinarily used for retarding the cooling of steel which Is 
to be annealed. If the casting la ot such a shape that it is not likely to 
crack. It may be cooled In the bed ot charcoal In which it has been 
heated. 
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PT«-beatiiiff Tampersturee 
Caat Iron may be pre-heated to about 700 to 1000 degrees F. Gener- 
ally speaking, the higher the temperature of pre-heatlng, the leea the 
danger of cracking when cooling. Aluminuia castinge should t>e pre- 
heated to about BOO or TOO degreee F., the heat If possible being main- 
tained during the entire time ol welding. To accomplish this, It la 
often advisable to cover the casting with asbestos and to leave only 
the working area exposed. Asbestos sheeting will be found satis- 
factory for keeping any class of work hot during the welding. 

Ibample of Bepalr Work by Oxy-aoetylene Welding 
It may be of Interest to refer to a specific case of welding performed 
by the Pullman Co. of Chicago, The bed ol a hydraulic press was 
cracked; the casting weighed about 10 tons, and the crack was about 
10 Inches long and 26 Inches deep. The material of the bed was cast 
Bteel. The casting was placed on supports of brick about 14 Inches 
high and a fire of wood and charcoal was maintained during the night, 
with the result that when the welding was begun the metal was at a 
red heat. A No. 10 Davis-Bo uroonvllle tip was used with a soft steel 
welding rod, two workmen carrying out the work. The time con- 
sumed for the welding operation was about Qve hours. The necessary 
enlargement of the crack was made by the oxy-acetylene flame. The 
expense was estimated at J19.16, and the result of the welding was 
very satisfactory. As the gas cost of the Pullman Co. is extraordin- 
arily low, for ordinary conditions the expense would, perhaps, be ae 
follows: 

367 cubic feet of oxygen at 3 cents per cubic foot (10.71 

143 cubic feet of acetylene at 1 cent per cubic foot 1.43 

Labor 7.40 

Fuel for preheating and annealing 4,00 

$23.64 
The expense of replacing the coBting by a new one would have been 
about (600. 
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CHAPTER III 



OXT-ACBTYLENE WEUMNG OP TANKS AND RETORT 8 

One of the most Important applications of the ozy^cetylene welding 
process Is In connection vlth the manufacture of tanks and cylinders 
from sheet metal. In this Seld the new process promises to supersede 
soldering and riveting to a very large extent The advantage over 
soldering consists principally in the Increased strength of the Joint 
and the equality of the expansion and contraction of the metal in the 
seam and in the work. There Is also much \eea likelihood of the oc- 
e of poisonous corrosions. 







In constructing vessels of sheet metat which are subjected to alterna- 
tions of high and low internal pressures, It is general!; advisable to 
use special forms of joints at the corners or to avoid corner Jolnta en- 
tirely. The strokes on the corner Joints become very severe if the 
corners are of rightangled shape. If the corner Is rounded, the ef- 
fect of the Internal pressure at the joint is reduced. In Fig. 1, for 
example, If the welded joint Is made at the square corner AB, It will 
be located at the point where the stresses on It, acting as indicated 
by the arrows, will be most severe. By forming the Joint in the vari- 
ous ways shown in Fig. 3, the weld will be considerably strengthened 
as compared with a weld that merely Joins the two sides at the corner 
AB in Fig. 1. It Is still better, however, to remove the joint from the 
corner altogether. In Fig. 3 are shown the methods used for doing 
this. The beat method of all to relieve the welds of the excessive 
corner stresses is, of course, to change the horizontal section to that 
of a circle. 
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Tops ftnd Bottoma of StieM-ninsl VeaMls 
One of the most difficult operations In the welding of tanks and 
retortB Is the attaching of the tops and bottoms to cylindrical vessela 
One of the first methods employed was that of making a Joint as shown 
in Fig. 4. The welding was dona from the outside and could be well 
finished. However, when the vease] was subjected to pressures from 
wlthtn, a combination of compreesive and tenelonal BtresBes was pro- 
duced at the weld, thus causing cracks. To overcome this difficulty, 
lolnts aa Indicated in Fig. 5 were made. Where the metal Is quite 
tbin, sufficient contact of the surface can be secured by bending the 
metal outward to form a hind of a Sauge. By using more welding 
material than neceaaary to produce a Joint flush with the adjoining 
surfaces, a stronger weld can alao be made. 
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Tin- B to S. lUthod* of Waldiat Topi ud Bottoma to CjUsdrloal BhalU 

Id all these cases, the top or bottom Is assumed to be convex on the 
exterior. Another method, shown in Fig. 6, la to make It concave on 
the outside. Such forms are especially suitable for bottoms. In Fig. 
6 the rim of the bottom is bent and the edges of the bottom and of the 
cylinder are both beveled to provide a welding groove. Another 
method which does not necessarily include concaving Is to bend up the 
lim of the bottom for a short distance, the dimensions of the piece 
being such that thta rim snugly envelops the cylinder; the two may 
then be welded together. 

The use of flat tops and bottoms should, of course, 
expansion and contraction of these during welding a 
those of the cylinder. The flat 'piece does not yield t 
and, hence, the work la likely to be distorted. The ( 
concaving of the tops and bottoms provides a suitable margin for 
yield. Two forms of bottoms are shown In Fig. 7, In both of which 
elasticity In the diameter is provided for. The bending In of the edges 
enables the cylinder wall to support the bottom when the latter Is 
under pressure from within. In some cases it may be necesaary to 
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prevent diametral expansion of the cylinder when welding. A heavy 
removable band o( metal In the form of a hoop may be used for this 
purpose. It Is placed cloBe up to the location of the eeam. Most of the 
heat from the cylinder will then be absorbed and dissipated by this 

An Interesting example of the application of the foregoing principles 
Is afforded by a large containing veBeel constructed by Munk ft 
Schmltz, Cologne-Bayenthal, Germany. This vessel Is a cylindrical 
shell, closed at top and bottom, and Is formed of sheets 0.40 Inch thick 
In the cylindrical portion and 0.S3 Inch thick In the end portions. The 
vessel is 16 teet high and over 9 feet In diameter. All joints were 
made by the oxy-acetylene torch and the vessel successlully withstood, 
when tested, a pressure of 90 pounds per square inch. 

Oeneral ConatderatloiiB In Weldlns Tops and Bottoms to 
Cylindrical Veaoels 

If the Joining of the top to the cylindrical shell were made at the 
precise point where geometrically the side of the wall joins the top, 
as shown la Fig. 8, an outward pressure exerted from within and tend- 
ing to produce a spherical shaped bottom would tend to make the 
angles at A more obtuse and would thus produce a tenslonal stress on 
the Inner portion and a compressive stress on the outer portion ol the 
weld. Hence, It should be carefully noted that this method of joining 
ends to cylindrical shells Is objectionable, and that the methods shown 
In Pig. 6 should, in general, be adopted. 

It Is also very Important In forming welds of the type described not 
to forget the effects ol expansion and contraction. It is recommended 
that the weld be hammered during the coollng.oCF process. The ham- 
mering should be discontinued while the metal Is still quite hot, and 
should not be continued below the point where a horse-shoe magnet 
attracts the Iron; In fact, at this point, one baa perhaps gone a little 
too far. Subsequent to the cooling, the region that has been exposed 
to the high temperature should also be well annealed. This may be 
done by using two oil torches for gradual re-heatlng, one from the 
inside and one from the outside. Incidentally it might be mentioned 
that in performing the welding operation It is also often advisable to 
use two welding torches, in which esse a weld of the double-V char- 
acter, as shown In Fig. 9, will be produced. The bottom of such a 
vessel should be so arranged that the weld Is not located where the 
weight of the vessel Itself comes upon It. 

Aa an Interesting practical example, the illustrations Flga. 11, 12 
and 13 are shown. Indicating the progressive steps In welding a cylindri- 
cal shell, as well as the welding of a top and bottom to It. A diagram- 
matical view of a section of the welded container Is shown in Fig. 10. 
the work being done by the Vllter Mfg. Co., Milwaukee, Wis. It will 
be seen that the top is convex and the bottom concave, as viewed from 
the outside. The shell is of •'^i-lnch boiler iron; the metal In the heads 
Is 'A inch thick. The tank Is 20 Inches in diameter and 24 Inches 
long. Both heads Bt the inside of the shell as Indicated. 
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After welding, this tank was tested at a pressure of 1200 pounds 
per square inch. For carrying out the teat, a bole was drilled on one 
side of the shell and a nipple Inserted after tapping. The tank was 
then connected with a hydraulic press pump. At 1100 pounds pressure 
the nipple started to leak, but there was no leak at the welded joints. 
A No. 7 Davls-BournonTille tip was employed In making the straight 
weld In the shell, and a No. 8 tip was used for the ends. The straight 
weld was made In 45 minutes at a cost of fl.62 (exclusive of labor, 
but Including depreciation); the circular weld at the convex end re- 
quired 2,67 hours and cost |6.99i the circular weld at the concave end 
required two hours and cost 
J5.24. At thirty cents per hour, 
the labor cost would be about 
$1.63, malting a total cost of 
115.48. These tanks are used at 
a maximum working pressure of 
three hundred pounds per square 
inch. A water cooled torch was 
employed In part of this work. 

Autoarenoua Welding: of Coiiper 
While copper la normally 
tough and ductile. It enters a 
brittle stage when heated to 
about 1650 degrees F. This 
brlttleness continues up to the 
melting point (at about 1930 
degrees F.) In order to weld 
copper it must be heated to this 
critical stage. At these high 
temperatures copper possesses a 
remarkable capacity for absorb- 
ing certain gases. If exposed to 
the atmosphere while at a white heat it absorbs oxygen. 

Another quality of copper is that when heated to a high tem- 
perature, quenching In water has a softening or annealing effect. 
Copper that has been highly heated and oxidized will, however, begin 
to fracture when one commences to hammer It, even if It has been 
annealed; hence, It is very Important to prevent oxidation when weld- 
ing, and by proper management of the outer flame of the oxy-acetylene 
torch the operator may succeed In preserving the new copper in the 
weld from oxidation. To make perfect work, however, it Is necessary 
also to preserve the old copper, and here Is where dilBcuItlea are met 
with. On account of the great heat conductivity of copper, a'hlgh tem- 
perature will be found for some distance on either side of the Joint to 
be welded. Unless the operator can protect this outlying region, the 
results will not be satisfactory. 

It is well known that phosphorus has a great avidity tor oxygen. 
If, then, instead ot a very pure copper we use a phosphor-copper alloy 
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The Weldlos of Aluminum 

The coeSlclent of expansion of aluminum iB equal to twice that of 
steel and Its melting point compared with that of copper and steel Is 
rather low, being about 1215 degrees F. It Is also comparatively weak 
In tenelon. Cast aluminum resists a tenslonal stress ol about 10,000 
pounds per square Inch. Because of this weakness, and on account of 
Its high rate of expaneion and contraction, it is a dilOcuIt material to 
weld. As its heat conductivity is high. It Is also difficult to localize the 
region of the high temperature. Oiidatlon of aluminum, however, can 
be avoided by the use of a proper flux. 

While the total expansion and contraction from 100 degrees F. to 
the fusion point or welding temperature Is about the same tor cast 
iron and aluminum, because of the fact that the fusion point of cast 
Iron is at a temperature about twice that of the fusion point of 
aluminum, the expansion and contraction, due to temperature changes, 
take place much more rapidly with aluminum, and the operator must 
use special care on this account. The low temperatures dealt with 
when welding aluminum make the pre-heating easier, but the operator 
must guard against not exceeding the fusion temperature. It Is some- 
times possible to make Blight saw cuts here and there, and thus assist 
In making the effects of expansion and contraction harmless. These 
cuts, of course, must be repaired when the main operation is com- 
pleted. Aluminum should never be welded without a flux. It welding 
Is attempted without a flux, little globules conslAlng of aluminum 
within and a coating of alumina (oxide of aluminum) will appear. 
In order to eliminate these by heat, It would be necessary to raise the 
temperature to the melting point of the oxide of aluminum, which is 
about 5400 degrees F. A flux consisting of the following ingredients 
has been recommended: chloride of sodium, 30 parts; chloride of 
potassium, 45 parts; chloride of lithium, IG parts; fluoride of potas- 
sium, 7 parts; and blsulpbate of sodium, 3 parts. 

When melting new metal from a rod. It Is good practice to keep the 
rod constantly submerged In the molten bath of the metal in the weld- 
ing groove, which for aluminum should be much larger than usual. If 
no powder Is used, the oxidation Is then conflned to the upper sur- 
face. The main point to remember when welding aluminum Is that the 
fusion point of this metal Is very low; hence, the working flame 
should be kept further away from the metal than Is usually the case 
when welding cast Iron and steel. The torch should be so adjusted as 
to furnish an excess of acetylene. There need be but little (ear of 
carbonizing the metal, for the reason that the temperature of the work 
Is comparatively low. 

The Weidinar of Hoitsebold CtensUs 
Some forms of household utensils, such as, for example, coffee and 
tea pots, cause considerable dlB3cultles In their manufacture, particu- 
larly in connection with the attachment of the spout Soldering has 
been used to a great extent in making these Joints. However, the 
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baalc material of the solder Is altogether dllterent from tbe material 
united. The usee to which the vessels are put expose the Jolats to the 
action of acids, and galvanic currents are set up which injure the Joint. 
Aluminum vessels are especially exposed to the action ol these cur- 
rents, because this metal Is electro-positive to nearly all of the com- 
mon metals. One means to obviate the difficulty is to bend the metal 
of the main vessel or body inwards at the hole for the spout. The 
material of both body and spout is then bent into a fold on the In- 
terior, no soldering material beini; used. The presence of this fold 
on the inside, however, is very objectionable. Even though It Is closed 
when the vessel is new, the effect of repeated heatings Is liable to 
open it, atid the crevice becomes a trap for various small particles, 
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which prevents effective cleaning. The oxy-acetylene welding presents 
the best solution of the foregoing difficulties. 

When seeking to unite the spout and body by the oxy-acetylene torch, 
the worker Is. however, confronted with several difficulties, especially 
if the sheet metal be aluminum. The expansion and contraction of 
aluminum, due to temperature changes, as already mentioned. Is very 
rapid, BO that the operator must guard against distortions of the work. 
The melting point of the metal is low. so that holes are apt to be made 
In thin metal. Heated aluminum is very readily oxidized with the 
result that a proper Intermingling of the material is difficult In view 
of these facts. It Is recommended that the Joint be placed away from 
the main body, that welding wire be dispensed with, and that a suit- 
able flux be employed. In Fig. 14 is shown a Joint which eliminates 
the necessity for the welding wire; the spout fits closely into the hole 
and is Introduced far enough to protrude about % Inch into the in- 
terior, the projection thus furnishing the welding material. There Is 
considerable advantage, of course. In thus eliminating the handling of 
the wire as far as the worker Is concerned, and another advantage is 
that the welding material is precisely the same as the material of the 
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work. It Is difficult, however, to operate on the Interior, but this 
difficulty may be reduced by using a tip of special form. The appear- 
ance of the exterior, however. Is good. 

Another form of joint Is shown in Fig. 15. Here the diameter of the 
hole la first made smaller than the Interior diameter of the lower end 
of the spout. The material Is then bent outwards to form a ridge of 
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the same diameter as that of the spout end. The body and spout can 
then be butt-welded by using welding wire. It Is preferable, how- 
ever, to bend the edge of the projection from the vessel outward, thus 
supplying the needed welding metal, or the auxiliary metal may be 
provided by bending the edge of the spout outwards, a joint of this 
kind being shown In Fig. IS. In either case, the ring of metal pro- 
truding at the Joint will not be thicker than % Inch In a radial direc- 
tion. In both cases, the Interior Is smooth. 
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AUTOQBNOns WBLDINO- AS A MEANS OF 
REPAIBINQ CYLINDBRS 

Breakages In automobile cylinders can be divided Into three mAtn 
classes which cover at least ninety per cent of the cases. The ma- 
jority of these breakages can be satisfactorily repaired by means of the 
oxy-Bcetylene flame, the cylinder being as good aa new. Additional 
metal la added where necessary from a rod of the same material, and 
the process consists In practically recasting the part locally. 

Autogenous welding Is proving a great boon to those who are unfor- 
tunateenough to have their automobile cylinders broken, as they can 
be satisfactorily welded and in the majority of cases, with a little trim- 
ming off, the repairs will not show. Cylinders with cracks are some- 
times brazed, but owing to the necessity of heating the whole cylinder 
to a good red beat to even up the contraction strains, bo as not to 
crack when cooling, the bore of the cylinder Is generally warped, and 
the Job requires a lot of Snlshlng aa the spelter and flux spread con- 
siderably and are difficult to remove. Also, owing to the dirt and rust 
in the crack It Is difficult to get the brazing below the surface; the 
high temperature necessary wilt sometimes crack the cylinder else- 
Water Jackets Broken by Tteei\ng 

The largest class of cylinder breakages — mainly due to carelessness 
or misfortune, probably In most coses the former — Is caused by al- 
lowing the water jacket to freeze, resulting In the breaking of the 
water Jacket wall. Also, It has frequently happened that when ship- 
ping a car by rail In winter the drain cocks were opened, hut due to 
some pocket in the water syetem (in sorae cases very small ones) 
which did not drain, the cylinders have become Bt subjects for the 
autogenous welder. 

Curiously enough the majority of cylinders cast from the some 
patterns will break In just the same place when frozen. In a number 
of cases the break causes a piece of the wall of the water Jacket to 
be entirely detached, and the breaks occur so nearly alike, in similar 
cylinders, that it would be possible to take the detached piece from 
one and weld it Into another, even the smaller Irregularities coinciding. 

When a break of this nature is autogenously welded, by means of 
the oxy-acetyleoe flame, the crack or edge of the broken part la pre- 
pared so as to leave a groove nearly through the metal. The whole 
part is then uniformly heated to about five hundred degrees F. This 
temperature Is not high enough to warp the bore, as has been re- 
peatedly proved by careful measurements before and after treatment. 
The sides of the groove are fused together and filled from a rod of 
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cast Iron. The resulting weld la very neat In appearance; It gener- 
ally requires no Snlahing and Is as strong as the original wall. As a 
very small number at heat units are absorbed by the part, owing to 
the Intense beat of the Bame fusing the metal before the heat has 
time to spread, there ts seldom any trouble with cracks when the metal 
contracts in cooling. The cylinders A and B, Fig, 1, show common 
types or breakages which are being Batlsfactorlly welded every day. 
The crack in A Is seventeen Inches In length. Both cyllnderB are 
grooved out ready for welding. 



Ilf. 1. Two OrUndan with Oruksd Tatar J>ek*U gnpand fi 
waldiat- Twb Crliadan with Bniken Flufw to M w«M»d 

Cylinder Wall Broken 
The next class of breakages, In order of frequency of 
tbat in which the wall of the cylinder, combustion or valve chamber, is 
broken or cracked. These breaks are, in most cases, due to freezing, 
but a certain number of them are due to the designer making a large 
flat surface without adequate ribbing to support the pressure of the 
explosion. 

Another cause is the breakage of the connecttng-rod, allowing the 
piston to strike the top of the cylinder. Serious damage from this 
cause occurs moat frequently In two.cycle engines as the deflector on 
the piston readily punches a hole in the combustion chamber wait. 

This class of breakages is the most difficult to repair, as it is neces- 
sary in most cases to cut out a section of the water jacket to be able 
to work on the inner wall, the only exception occurring when the 
break happens to be opposite a large hand hole. This operation has a 
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singular resemblance to the well-known trepanning operation per- 
formed upon the human skull. 

It can be readily eeea that It is practically impossible to make a 
repair when the break occurs between two cylinders or behind the 
valve chamber, a^ these parts cannot be reached with the small flame. 
If the crack occurs In the bore, it la necessary to carefully weld to 
within a sixteenth incli ol the bore, or the finished surface will be 
spoiled; the crack left tn this way Is of small Importance, as suf- 
ficient metal can be built on the outside so that there Is no doubt about 
the strength. After welding the break, the section of the water Jacket 
wbich was removed is welded back In place. 



Fir 1. CrllndBT A npairad by Ibmi 
>Dd nutofBoouilT veldad in PUoe. C 

As it often is impossible to determine the length or exact locality 
of the cracks before cutting away the jacket and as it Is desirable to 
remove as small a section as possible, it often Is found necessary to 
cut additional pieces out, thus necessitating welding a number of small 
pieces back in place when finishing the Job. To restore these pieces 
sometimes is impracticable, and a sheet steel substitute must be ham- 
mered out and welded in place. With care this piece can be shaped 
BO as to coincide with the piece removed, and cannot be detected when 
welded In place. The part cut away was thus neatly replaced by sheet 
Bteel, as shown at A, Pig. 2. 

The water in freezing will often crack both the water jacket and 
cylinder wall. The former being readily seen is generally thought to 
be the full extent of the damage, particularly as It Is practically im- 
possible to make a test until the crack Is repaired. The work may 
then have to be cut out to find further defects. 

The cover plate on the cylinder shown Id Fig. 2 was also broken in 
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freesbig, at the same time as the cylinder wall was broken, and Is 
shown welded. 

Pig. 3 Bhows a cylinder having a crack eight Inches long, located 
at the corner of the combustion head, that was welded. The part cut 
out of the water Jacket Is also shown. It will be noticed that this 
operation required cutting through a supporting lug. 

Broken Flangrea 

The next order of breakages in point of number are those In which 

all, or a portion of the flangB, which holds the cylinder to the crank 

case Is broken away, due either to Insufficient metal to withstand the 

strain or to carelessness in assembling. 
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These breakages occur In two ways; tbe wall ot the cylinder may be 
broken away or part of the flange may be cracked off. In the latter 
case It la an easy matter to make the repair, but when the break runs 
through into the bore of the cylinder considerable care is required. 
First it Is necessary to consider whether It is desirable to weld In 
the bore which would then require machining or at any rate filing out, 
or only groove and weld from the outside to within a sixteenth Inch 
of the bore, sufficient metal being added to the outside to Insure 
strength. The latter method, of course, leaves the crack on the inside, 
which can, however, be smoothed down and is not objectionable for a 
repair Job, as It does not interfere with the satisfactory operation of 
the motor in any way. 

In addition to these three classes, there Is a large variety of other 
breakages, no two of which are alike, that can be repaired success- 
fully by the oxy-acetylene torch. Considerable welding can also be 
carried out by the manufacturer, such as the welding on ot additional 
bosses for dual Ignition systems, as shown In Fig. 4, building up bosses 
that did not "nil" In castings, etc. 
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CHAPTER V 



MANUFAOTUBB OF TUBING BY AUTOGBNOUS 
WELDING 

Tbe trend of Industrial proceesee, today, Is in the direction of 
continuity. If a process can be made continuons, a great advantage 
Is gained, otber things being equal. It Is no wonder, then, that In 
consequence of the enormous demand for water, gas and steam 
piping, very determined elTurts have been made to produce tubing by 
the process of rolling. The efforts have been successful, and steel 
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tubing Is now made 'In large quantities by this method. Strips of 
flat steel are rolled loDgltudlnally between Buccesslve pairs of rolls 
until the edges meet or overiap. Tbey are then butt- or lap-welded. 

In Germany, tubing Is being made by the rolling of sheet metal 
and tbe subsequent welding with oxygen and acetylene, tbe process 
being continuous, and a special welding machine being used. Tbe 
rolling machine is of the type shown In Fig, 1. This machine receives 
tbe metal In long flat strips, which have either been specially rolled 
or cut to the required width. The flrat operation Is accomplished by 
a pair of rolls which bend the longitudinal edges upward. These bent- 
up edges will ultimately form the "roof" of the tube. It Is Important 
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that the degree of curvature ot the bends shall be precisely that of the 
flnlshed tube. Another pair of rolls Just ahead receives the strip and 
bends It Into a IT-shaped form; the upper ends of the U-curve, how- 
ever, are bent toward each other because of the slda bends formed bj 
the previous pair of rollB, Another pair of rolls la now employed to 
receive the U-Bhaped strip and cause It to approximate etUl more closely 
the tube-shape. Finally, another pair of rolls complete the bending 
to shape; a mandrel Is employed with this pair. In case very elastic 
material Is employed, it Is advisable In the first pass to bend the 
axial portion so that when the tube la shaped It will point in toward 
the inside of the tube. In the last operation, this bend will be elimin- 
ated bjr the mandrel. The object Is to obtain a Joint with no tendency 
to open. 

When a strip whlcb has been cut from a sheet In the ordinary way Is 
thua bent together, there will be a V-ebaped groove along the Joint. 



The reason for this Is that the external circumference of an annular 
ring Is longer than the iDternal one. The strip Is of the same width 
on both sides, bo that wben one side Is bent to form a complete Inner 
circle there Is not enough material for the outer circle. The weld 
can still be made, but as machine welds use no additional metal, the 
section at the weld will be thinner than It ought to bo. If the tubing 
Is made of quite thin metal, no especial difficulty will arise from the 
formation of a groove; but when the -wall Is rather thick, etrlpa wblcb 
have been especially rolled to provide a greater width on one side 
than on the other should be used. When such a strip is bent to the 
final shm>e, we have a narrow V-shaped groove with ridges on each 
side. A narrow groove is advisable, because it admits the Same to 
the entire depth of the Joint. 

The welding machine Is rather simple. Two pairs of compression 
Tolls are placed a short distance apart, as indicated In the diagram- 
matical view. Fig. 2. These rolls carry the tube along, tbe one pair 
receiving It from tbe tube rolling mill. Between the two pairs of rolls 
a standard la placed to wblcb Is secured the device which holds the 
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torch. This latter has Ita tip directed downward and toward the un- 
welded Joint The angle at Inclination la ahout 46 degrees. The tub- 
ing, as it U fed along br the flrat pair of roUe, can scarcely be depended 
upon to keei) ita unwelded Joint in a constantly uniform position. It 
Is, however, necessary that the working flams of the torch and this 
Joint shall be la an exact relation to each other. Therefore, a holder 
iB provided which carries a roll or wheel having a thin edge or pro- 
jection on its periphery. This edge enters Into the groove at the 
Joint and controls its position Juat before It reaches the torch. This 
machine Is made of the duplex type, so that two welding opera- 
tions may be handled at the same time; a torch and the necessary 
rolls are arranged on each side of the bed. Comparatively thin tub- 
ing, say 0.04 Inch In thickness, can be welded at the rate of about 8 
laches per second, or about 40 feet per minute. 

It Is frequently the custom In the bicycle industry to draw tubing 
to aa oval or elliptical sectloa. The most severe stresses to which 
such elliptical tuhlag Is subjected would tend to Injure the weld If the 
latter should be located at the end of either aits of the ellipse. It 
has been touod advisable, therefore, to locate the seam to one side of 
the "sharp" end of the ellipse. A Swedish charcoal iron, containing 
very little carbon. Is said to be most suitable tor this class of work. 

In the rolling of tubes of small diameter. It Is permissible to roll 
in a longitudinal direction, but when we come to greater diameters. 
It becomes necessary, or at least advisable, to discard the continuous 
method and use rolls or other devices whose axes are parallel with 
that ot the tube. Machines specially built for this service bend the 
sheets quickly to the required cylindrical form. Diameters ot 3 to 10 
inches are readily handled, the material having a thickness up to Vt 
inch. The forming process requires from 7 to 12 minutes for each sec- 
tion ot tubing, according to the length. Large tubes are usually 
welded autogenously by hand. 

That large pipe made by the oxy-ocetylene process Is reliable la In- 
dicated by the following test; Two sections of such pipe, each about 
39 teet long and 85 inches Inside diameter had their flanges bolted to- 
gether to form a single length of nearly SO teet The supports were 
placed at the ends so that the full length between them was unsup- 
ported. Then the double length of tubing was loaded with about 
thirty mea, or. In other words, a load of more than two tons was 
supported. Ot course this test docs not take Into account the (jueatlon 
ot the "water-tightneas" ot the weld. However, a test was carried out 
upon another piece of wflded tubing— this time a bend — ot about 2 
feet inside diameter. The tube did not leak under a pressure of about 
365 pounds per square Inch. Another piece of tubing about 31 or 33 
Incbea in diameter has been made by the welding process from ma- 
terial which was about 0.4 loch thick. A drsioage system for a lock 
at the Kaiser-Wllhelm canal contains about 2000 feet of pipe welded 
by the autogenous process. One German firm is manufactuiins liot 
water heaters by the same process. 
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CHAPTER I 



DRAWING AND FORMINa DIES 

Comp&ratlTelj little Information has been published In book form 
relating to the subject of drawing dies. This depends partly upon the 
[act that this line of work In some respects la still In Its Infancjr. 
While an enormous amount of this kind of work Is done dally In bun- 
dr«ds of shops In the country, yet there Is a scarcity ol deBnite In- 
formation as to the fundamental rules tbat govern this class of work. 
Some day some one will take up this subject la a manner similar to 
that In which Mr. P. W. Taylor investigated the art of cutting metals, 
and then we may be able to lay down exact rules and formulas govern- 
ing the drawing of metal sheets Into shells. At present we must con- 
tent ouraelves with studying a few general principles based upon ex- 
perience. By giving a great number of examples of work that has been 
accomplished la practice, the posslbllltlee In this class of work may, 
however, be Indicated. 

A large majority of work which, in the past, has been made from 
castings Is now made from sheet steel by drawing up bosses and rein- 
forcing ribs to strengthen the work. The development In the art has 
been rapid, but has proceeded almost entirely along cut-and-try methods. 
The definite information that is available, however, relating to the 
diameters of shell blanks, the depth and diameter reductions of drawn 
shells, the lubrication of dies, etc, will be given in the following. In 
addition, a number of practical hints for die-makers In the making of 
forming dies will be presented, and numerous examples of successful 
designs of drawing, forming and bending dies. This will give the 
reader a comprebenslve view of the present state of the art 

DlamMers of I'Bhell Blanks* 
The diameters of blanks for drawing plain cylindrical shells can be 
obtained from the accompanying table, which gives a very close ap- 
proximation for thin stock. The blank diameters given in this table 
are for sharp cornered shells and are found by the following formula: 
D = V (P + 4 (ift, (1> 

In which i) = diameter of flat blank; d = diameter of finished shell; 
A 1= height of finished shell. 

Example. — If the diameter of the flnlshed shell Is to be 1,5 Inch, and 
the height, 2 inches, the trial diameter of the blank would be found aa 
follows: 

D = V l-B' -)- 4 X 1.6 X 2 = V 14725 = 3.78 Inches. 

For a round-cornered cup, the following formula. In which r equals 

the radlua of the comer, will give fairly accurate diameters, provided 
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the radiuB does not exceed, Bay, U, the height of the shell: 



D= V tP + idh — r. ' (2) 

These formalaa are based on the &ssumption that the thickness of 
the drawn shell is the same as tbe original tlilckoesa ol the stock, and 
that tbe blank is so proportioned tbat ItB area will equal the area of 
the drawn staelL This method of calculating tbe blank diameter t& 
quite accurate lor thin material, when there Is onl; a slight reduction 
In the thicknees of the metal Incident to drawing; but when heavy 
stock is drawn and tlie thickness of the finished shell is much less 
than the original thickness of the stock, the blank diameter obtained 
from Formulas (1) or (2) will b« too large, because when tbe stock 
Is drawn thinner, there is an Increase in area. When an appreciable 
reduction in thickness Is to be made, the blank diameter can be ob- 
tained by first determining tbe "mean height" of the drawn shell by 
the following formula. This formula ia only approximately correct, 
but will give results sufficiently accurate for most work: 

ht 
M = — (3) 

7 

In which Jf = approximate mean height of drawn shell; h = height of 
drawn shell; (^thickness of shell; T^thlckness of metal before 
drawing. 

After determining the mean height, the blank diameter for the re- 
quired shell diameter is obtained from the table previously referred to, 
the mean height being used Instead of tbe actual height 

Example. — Suppose a shell 2 Inches In diameter and S% inches high 
Is to be drawn, and that the original thickness of the stock Is 0.050 
inch, and thickness of drawn shell, 0.040 Inch. To what diameter 
should the blank be cut? Using Formula (3) to obtain the mean 
height: 

ht 3.76 X 0.040 

Jf = — = = 3 inches. 

T ■ 0.050 

According to the table, the blank diameter for a shell 2 Inches in 
iliamet«r and 3 Inches high Is 5.29 Inches. This formula Is accurate 
enough for all practical purposes, unless the reduction In the thickness 
of the metal Is greater than about one-flfth the original thickness. 
When there is considerable reduction, a blank calculated by this 
formula produces a shell that 1h too long. This, however, Is an error 
in the right direction, as the edges of drawn shells are ordinarily 
trimmed. If the shell has a rounded corner, the radius of the corner 
should be deducted from the figures given In the table. For example, 
if tbe shell referred to in tbe foregoing example had a corner of Vi-lnch 
radius, the blank diameter would equal G.29 — 0.25 ^: G. 04 Inches. 

Another formula whtcb Is sometimes used for obtaining blank di- 
ameters for shells, when there is a reduction In the thickness of the 
stock, is as follows: n|j-. 
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In this formuln = blank diameter; a = ouUide diameter; b = In- 
side diameter; t = thickneBs ol aliell at bottom; h = depth of shell. 
This formula is based on the cubic contents of the drawn ehell. It iB 
asaumed that the shells are cylindrical, and no allowance is made (or 
a rounded corner at the bottom, or for trimming the shell after draw- 
ing. To allow for trimmlne, add the required amount to depth A. 
When a shell la of Irregular cross-section, if its weight Is known, the 
blank diameter can be determined by the toUowIug formula: 



"•il 



Z) = 1.128< — (5) 

\ u-l 

in which C^ blank diameter In inches; W^ weight of shell; io^ 
weight of metal per cubic inch; 1=: thickness of the shell. 

In the construction of dies for producing shells, especially of Ir- 
regular form, a common method of procedure is to make the drawing 
parts Urst The actual blank diameter can then be determined by 
trial. One method is to cut a trial blank as near to size as can be 
estimated. The outline of this blank Is then scribed on a flat sheet, 
after which the blank is drawn. If the finished shell shows that the 
blank Is not of the right diameter, a new trial blank is cut either 
larger or smaller than the size Indicated by the line preTlously 
scribed, this line acting as a guide. If a model shell Is available, the 
blank diameter can also be determined as follows: First cut a blank 
somewhat large, and from the same material used for making the 
model; then reduce the size of the blank until its weight equals the 
weight of the model. 

Depth and Diameter Beducctona of Drnwn Shells 

The depth to which metal can be drawn In one operation depends 
upon the quality and kind of material, its thickness, the slant or 
angle of the dies, and the amount that the stock is thinned or "Ironed" 
In drawing. A general rule for determining the depth to which cylin- 
drical shells can be drawn In one operation is as follows: The depth 
or length of the first draw should never be greater than the diameter 
of the shell. If the shell Is to have a flange at the top, It may not be 
practicable to draw as deeply as Is Indicated by this rule, unless the 
metal Is extra good, because the stock la subjected to a higher tensile 
stress, owing to the larger blank which la necessary tor forming the 
flange. According to another rule, the depth given the shell on the 
first draw should equal one-third the diameter of the blank. Ordin- 
arily, It Is possible to draw sheet steel of any thickness up to ^ 
inch, so that the diameter of the first shell equals about six-tenths of 
the blank diameter. When drawing plain shells, the amount that the 
diameter is reduced for each draw must be governed by the quality of 
the metal and Its susceptibility to drawing. The reduction for various i|r> 
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thtclcneflses of metal Is about as follows: 

Approximate thickness of sheet steel.... Vu 'A Vu 'A Vu 
Possible reduction In diameter for each 

succeeding step, per cent ,. 20 15 12 10 8 

For example, if a shell made of 1/16-lnch stock fa 3 Inches in dl* 
ameter after the first draw, It can be reduced 20 per cent on the 
next draw, and so on until the required diameter is obtained. These 
figures are based upon the assumption that the shell Is annealed after 
■ the first drawing operation, and at least between every two of the 
following operations. Necking operations— that Is, the drawing out of 
a short portion of the lower part of the cup into a long neck — may be 
done without such frequent annealings. In double-action presses, 
where the Inside of the cup is supported by a bushing during drawing, 
the reductions possible may be Increased to 30, 24, IS, IE and 12 per 
cent, respectively. (The latter figures may also be used tor brass In 
sIngle4ctlon presses.) 

When a hole Is to be pierced at the bottom of a cup and the remain- 
ing metal Is to be drawn after the hole has been pierced or punched, 
always pierce from the opposite direction to that In which the stock 
Is to be drawn after piercing. In extreme cases. It Is necessary to 
machine the metal around the pierced hole In order to prevent the 
starting of cracks or flaws In the subsequent drawing operations. 

The foregoing figures represent conservative practice and it is often 
possible to make greater reductions than are Indicated by these 
figures, especially when using a good drawing metal. Taper shells re- 
quire smaller reductions than cylindrical shells, because the . metal 
tends to wrinkle If the shell to be drawn is much larger than the 
punch. The amount that the stock Is "ironed" or thinned out while 
being drawn must also be considered, because a reduction In gage or 
thickness means greater pressure of the punch against the bottom of 
the shell; hence the amount that the shell diameter Is reducd for each 
drawing operation must be lessened when much Ironing Is necessary. 
The extent to which a shell can be Ironed In one drawing operation 
ranges between 0.002 and 0.004 Inch per side, and should not exceed 
0.001 inch on the final draw. If a good finish Is required. 
Prevention of Wrinkles In Drawn Work 

The formation of wrinkles in drawing operations la a source of great 
trouble, and there are many pieces of drawn work which could be 
performed In a single operation were It not for the wrinkles that 
would inevitably appear. In drawing operations, the tendency to 
wrinkle starts with the first contact of the punch upon the metal. 

The usual method of preventing wrinkles Is to provide the punch 
with a blank-holder which Is'operated by springs of sufficient tension 
to allow the metal to be pulled from beneath it for drawing, but 
maintaining pressure enough to keep the metal free from wrinkles. 
At A, in Fig. 1. Is shown a section of a simple drawing die in which 
It will be noticed that the die Is provided with a raised ridge around ii 
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opening, the bUnlc-holder having a correBpondlag depresalon. Conse- 
quently, the sheet metal being drawn la pulled over this ridge, and as 
the space between the btank-holder and the top of the ridge fe pur- 
posely made sllgbtlj' less than the thickneea at the metal. It will be 
seen that as the stock passes through this opening any wrinkles are 
"ironed out" At B, the shell from the dies at A is shown undergoing 
a second operation. 

For strength and protection in hardening, as well bb to facUltate 
the drawing operation, the ridge Is provided with a fillet where it Joins 
the flat surface of the die. It Is obvious that the addition of this 
ridge to the drawing die occasions a little extra work In the die-mak- 
ing, but this work la offset by the fact that the blank-holder and upper 
surface of the drawing die do not have to be ground perfectly smooth 
and parallel, as is ordfnarfly required. The size of the ridge around 
the die should be in proportion to the diameter of the shell. A shell 
4 inches In diameter is most easily drawn with a die having a ridge ol 
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7/16 inch radius. For a shell of 8 Inches diameter the radius of the 
ridge Should be ^ inch. For a shell 12 Inches in diameter the radius 
of the ridge should be % Inch. For a shell 16 Inches In diameter the 
radius ot the ridge should be 94 Inch, and a shell 20 Inches In di- 
ameter would require a ridge having a radius of 1 inch. 

It Is obvious tbat the completed shell will have a ridge left at the 
edge. On work which Is to be wired or tor work on which the edge 
is to be turned over, this additional ridge is no detriment as it can be 
made use of directly. Moreover, If a succeeding operation is to lol- 
low, deepening the shell slightly, this ridge will provide the surplus 
metal required. This point Is illustrated at C. In other cases, the 
extra metal left at the edge may be removed when the shell Is trimmed. 
It is claimed that this improvement in drawing dies la being em- 
ployed with success. By its use, wrinkles are absolutely prevented, 
and, moreover, the drawing operation puts less stress upon the metal. 

Practical Hints tor Dlemakera In mitlcing Drawlaf and Forming Dies 
In making templets and blanks, always file them straight and square 
across the edge. In developing the blank always keep a templet or 
reference blank, so that It will be at hand if alterations are found 
necessary. Each time a change U made the previous blank which 
was kept for reference Is marked to designate It troni others. The 
marks may be "M" for model or "S" for sample. It should be remem- 
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bered tbat metsl will not draw orouad sliarp comers, and that cor- 
ners over wbicb tlie metal Is to be drawn sbould be rounded to a 
true radius. In all cases when making blanks tor forming pancbes 
and dies consider tbe tblckness ol the metal. 

In forming blanks they sboold always be bent wltb the grain of the 
metal and not across It, particularly on sharp bendB. By the "grain" 
Is meant the way In which tb« metal Is drawn when passlag through 
the rolls. It It la required to make bends at right angles to each 
other or approximately bo, tbe blanks should be punched out diag- 
onally across the grain. It Is sometimes found necessary to form 
blanks from unannealed stock, that la stock which has been rolled to 
a certain degree of hardness. In bending this metal it springs back 
more or less after being struck In the die. This makes it necessary to 
make a more acute angle or a smaller radius on the punch and die, 
than Is required on the flnlahed product. This difference can be ascer- 
tained only by the cut-and-try method. When producing a short bend 
in blanks in such a position and of such a nature that the blank slips 
away from under the punch when It is descending into the die, a 
spring pad Is fitted Into the die with the lower part of the bend 
shaped Into It, and Sush with tbe top surface of the die. This holds 
the metal securely against the punch In its descent Into the die and 
insures perfect duplicates of the product Where holes in a blank 
come near a bend, a atraln in tbe metal is set up during the bending 
operation which elongates the boles. This makes it necessary some- 
times to pierce the holes slightly oval In tbe opposite direction before 
forming. In testing tbe shape of a formlDg die before it Is hardened, 
always apply a small amount of oil to the eurface bo that the blank 
will not bruise or scratch the die, which would be the case If the 
die were left dry. 

Never leave the Inside comers of a die sharp when they can Just 
as easily conform to the radius formed by bending the stock around 
the punch. This wilt strengthen the die and lessen the poaaibtllty of 
Its cracking when hardened. When necessary, one forming die can be 
made to form bends in several pieces which have the same form tut 
are of different lengths. This ts accomplished by equipping the die 
with interchangeable gages or guide strips. Never leave any file 
marks on the working portions of the punch or die, as these will be re- 
produced on the blank. A screw hole in a die should be tapped a little 
lai^er than the screw, as the die shrinks somewhat In hardening. 

When a punch or die Is heated In a charcoal or a soft coal Are, the 
dust and ashes should be thoroughly scraped off the working portion 
before dipping, eo that the water will have a free action upon the steel. 
Bending and forming dies, unless there is danger of cracking 6r break- 
ing of weak parts, should be as hard as Are and water will make 
them. After hardening they may be warmed over a slow fire until 
water "sizzles" on them. Some toolmakers. when hardening a punch 
or die, apply cyanide of potassium to the working portions of the steel 
before dipping. They claim for this that the outer surface of the Btee^lp 
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1b rendered harder by tbe application of this cftsehardening Bub- 
Btaace and thus will be better Qtted to withstand the wear to whlcb 
It iB subjected. Thir practice Is Btrongl; condemned lor this reason: 
If, as Is often the case, the tool should fall to harden, this fact will 
he concealed b; the casehardened outer coating, and tlie tool will 
respond to the flle test as being hard whether It Is or noL 

Gage plates should never be secured with two screws and one dowel 
ptn. It iB tar more practical to use one screw and two dowel pins In 
most cases. A good meth^ of holding gage plates before their exact 
position Is determined Is to clamp them to the die with flllUter screws 
having washers under their heads, and to drill the holes In the gage 
plate about 1/lG Inch larger than the diameter of the screws, so that 
the gage plate may be shifted around. Always drill the screw holes 
tor the gage plates through the die so that In case a new gage plate is 
required the holes will be spotted frg^ the die. Whenever the gage 
plate comes close to the working portion of the die, cut the punch 
back tar enough so that the body of the punch will come within ^ 
or U Inch of the gage plate. In making gage plates for locating large 
blanks ot irregular shape, they Bhould be made to fit the blank only 
at the point where accuracy is essential, and not to conform exactly to 
the Irregular shape of the blank. 

Wood fiber may be formed in the press Into almoBt any shape, but 
before shaping, it should be ImmerBed In a solution ot hot water and 
soda for a few minutes and then subjected to heavy pressure in the 

When setting up a press tor tormlng operations the blank as formed 
by the tools is used to locate the punch In the die before securing the 
die to the press. It the tools are being tried out tor the first time 
and no sample has been made, they may be set with strips of metal 
cut from the stock to be formed. When setting the die for a piece 
in which the bends are not parallel but oft at an angle, it is usually 
Impracticable to set them with a previous blank, becauBe when the 
punch Is brought down, the tendency Is to push both die and blank 
away. The more practical method is to locate it approximately with 
the blank and slightly tighten the screws in the press bed; then with 
two strips of metal the same sUe as the blank, gage the exact dis- 
tance, after which the die can be secured to the press. 

Do not assume that a die Is certain to be satisfactory when the 
samplee have been produced by bringing down the press slowly by 
hand, as there Is sometimes more or less variation In what the tools 
will do when operate^ by hand and when operated by power. 

Lubricants for Drawing and Forming 

For drawing steel, the following mixture Is recommended OB a 
lubricant: 25 per cent flaked graphite; 26 per cent beef tallow; and 
60 per cent lard oil. This mixture should be heated and the work 
dipped into It, Olldag mixed with heavy grease Is also used tor steel. 
and a thin mixture of grease (preferably tallow) and white lead has 
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proved satlaractory. The TollowlDg compound Is also used lor draw- 
ing sheet steel of a mild grade: Mix one pound at white lead, one 
quart or Qsb oil, three ounces o( black lead, and one pint ot water. 
These Ingredients should be- boiled until thoroughly mixed. For 
working brass or copper, a solution composed ot 15 [rounds of Puller's 
Boap to a barrel or hot water (used hot), or any soap strong In rosin 
or potash. Is cheaper and cleaner than all. The stock should pass 
through a tank filled with this solution before entering the dies. For 
cutting aluminum, use kerosene, and for drawing aluminum, use vase- 
line of a cheap grade. I^rd oil Is also applied to aluminum when, 
drawing deep shells. Aluminum should never be worked without a 
lubricant. For many classes of die work, no lubricant Is required, 
especially when the metal Is of a "greasy" nature, like tin plate, tor 
Instance. 

Annealing Drawn 8Ii«>lls 
When drawing steel. Iron, brass or copper, annealing Is necessary 
after two or three draws have been made, as the metal Is hardened by 
the drawing process. For steel and brass, anneal between every other 
reduction, at least. Tin plate or stock that cannot be annealed with- 
out spoiling the flnlsh must ordinarily be drawn to size In one or two 
operations. Aluminum can be drawn deeper and with lees annealing 
than the other commercial metals, provided the proper grade Is used. 
In case It Is necessary to anneal aluminum, this can be done by beating 
It in a muffle furnace, care being taken to see that the temperature 
does not exceed TOO degrees F. 

DrHwlnff Brass 
When drawing brass shells or cup-shaped articles, it Is usually 
possible to make the depth of the first draw equal to the diameter of 
the shell. By heating brass to a temperature Just below what would 
show a dull red In a dark room, it is possible to draw difficult shapes, 
otherwise almost Impossible, and to get shapes with square corners. 

Drawlnir Bectansular Sbaijea 
When square or rectangular shapes are to be drawn, the radius of 
the corners should be as large as possible, because It Is In the comers 
that detects occur when drawing. Moreover, the smaller the radius, 
the lees the depth which can be obtained In the first draw. The 
maximum depths which can be drawn with corners ot a given radii 
are approximately as follows: With a radius of 3/32 to 3/16 Inch, 
depth ot draw, 1 inch; radius 3/16 to 3/S Inch, depth, 1^ Inch; radius 
% to >i Inch, depth, 2 inch; radius 'A to % Inch, depth, 3 inches. 
These figures are taken from actual practice and can doubtless be 
exceeded slightly when using extra good metal. If the box needs to be 
quite deep and the radius Is quite small, two or more drawing opera- 
tions will be necessary. 
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Dnwlnir & Fluved and Tapered Cyllndrteal SbeU 

In the production of cylindrical shells from flat stock, the 
tlOD of the tools and the number of operatloDB or steps in their da- 
Telopment depend entirely upon what the ultimate sliape is to be. 
Thus, when It Is desired to produce a straight cylindrical shell of a 
depth not exceeding, say, twice the diameter, the first operation may 
be accompilBhed In a combination blanking and drawing die, which 
will cut the blank and draw It to a height almost equal to the di- 
ameter. If a flange is left around the shell, the die can be used in 
a single-action press, a rubber spring barret being used to create 
pressure on the biank. It no flange is left on the shell, a double- 
action press is used and all of the blank area worked Into the shell, 
the metal being drawn through the die, and the shell stripped on the 
under edge of the drawing die at the commencement of the return 
stroke. After this first operation, two, or at the moat, three redraw- 
ing operations, each accomplishing an approximately equal reduction 
in diameter and Increase in depth, will attain the desired result. In 
such work, the evolution of the shape and the dimensions can usually 
be planned accurately without trouble before starting the construc- 
tion of the tools, and the blanking die can be made to size with the 
certainty that just the right amount of stock will be contained in the 
blank to produce a shell of the required form, diameter and depth. 

When the shell height does not exceed the shell diameter, only a 
slight variation will take place In the thickness of the wait, and the 
final thickness will not differ materially from the original blank 
thickness, that Is, if the metal drawn Is perfectly soft to commence with 
and the product of each drawing operation Is annealed before reduc- 
ing. If the holes In the drawing dies are lapped, the punches fitted 
properly and given Just suBIclent taper to allow the shell to be stripped 
without collapsing the rim, an elegant surface will be attained and the 
shell diameter will be true. 

In drawing tapered cylindrical shells with flanges, the requirements 
for the construction of the dies and the evolution of the shell shapes 
are different When the taper In the finished shell is considerably 
acute in comparison with the height and diameter, the desired result 
can only he accomplished as shown In Figs. 2 to 4 Inclusive. To at- 
tain these results. It is flrqt necessary to bring the blank into a cylin- 
drical shape, the area of which will Just equal that of the metal re- 
quired In the finished shell. When trouble Is experienced In draw- 
ing tapered shells. It Is almost Invariably caused through the die- 
maker endeavoring to generate the acute taper in the first operation, 
or to draw it directly from the flat blank. When this practice is fol- 
lowed the shell is either split at the t>ottoni, or waves and wrinkles 
are formed In the wall of the shell which canaot be removed. An- 
other frequent cause of trouble lies in having a surplus of metal ta 
the shell, and the consequent Inability to distribute it in the finishing 
operation or to return It to the flange from which It was drawn. 

When the proper amount of metal Is contained In the shell 
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as sbowa at D, Pig. 2, with Bllghtly tapering waits, a succeeding opera' 
tloD of reforming — not drawing or reducing through frictlon^wlll 
shape the cylindrical shell to the desired taper. The reason for thU 
practice Is that In drawing a straight cylindrical shell or even one 
ellghtly tapering, the metal la confined at all times during the process 
of drawing between the die and punch surfaces, making the Inception 
of wrinkles Impossible and the flow of metal equal and constant dur- 
ing the entire operation. When the depth to be drawn is quite shal- 
low as compared with the shell diameter, even acute tapers can some- 
times be accompllehed In one operation. 

Fig. 6 shows clearly the result of each operation, while Fig. 2 il- 
lustrates the various steps necessary to develop the final form com- 
pletely. In Fig. 2, A Is the blank, 3 Inches In diameter by 0.032 Inch 
thick — No. EO Brown ft Sharpe gage. The blank was cut in a plain 
blanking die In an automatic press. B is the result of the second 
operation, and Is accomplished in the die shown in Fig. 3, as is also 
the redrawing operation C, the die remaining unchanged, except that 
a thinner locating pad and blank-holder was substituted for the one 
ahown at B. In Fig. 3, F is the drawing die, O the shell ejector, B 
the blank-holder and locater, I the drawing punch, J two of Ave spring 
barrel pins, E the die-bolster, L one of the two spring barrel-washers. 
M the barrel atud, and N the rubber spring barrel, only a section of 
which is shown, it being circular, i Inches in diameter hy 6 inches 
high with a 1-Inch hole through It 

At C in Fig. 2, It will be noticed that an increase of ^ inch in height 
and 1/16 inch in top diameter is attained. At D the height Is In- 
creased to 1 6/16 inch — a gain of 3/S inch — and at E the shell la com- 
pleted to a height of 1 7/lG Inch, the smallest diameter being 1 Inch 
and the largest 1% Inch with a flange diameter of 2% Inches. The 
dotted line a b at A in Fig. 2 shows the amount of metal drawn from 
the blank to form the entire cone of the shell at E. 

Fig. 4 shows the tools used for accomplishing the operation shown 
at D In Fig. 2. A spring buffer, not shown, is used as In Fig. 3, and 
the cup C. Fig. 2, is located on the punch 0. the die P descending and 
drawing the cup to the shape shown at D. 

In the finishing punch and die shown la Fig. 6, no drawing of the 
metal takes place, the displacement of the wall of the shell and re- 
shaping alone being accomplished. Only a slight description Is neces- 
sary to understand the operation of the die shown In Fig. 6. The shell 
D is located in a seat In the holder 0. and the die R descends, holding 
the flange of the shell tightly between the faces of Q and R, w^Ile the 
pnncli S forms the shell Into the tapered shape shown at E. At the 
bottom of the stroke, pressure occurs on all surfaces of the shell, 
shaping It to a tapered and cylindrical form. 

In the evolution of the flnlsbed shell Uie following changes take 
place In the wall and flange thickness: At c (see E Fig. 2) the 
metal Is reduced to 0.030 Inch, at d to 0.022 inch, at e to 0.O18 Inch, and 
at / to 0.021 Inch. It was necessary to anneal the shell twice, after 
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faced wiUi a hardened mac bine-steel ring E. The cup 1b Btrlpited 
from tbe paocb by means of the flnger F, acted upon by the spiral 
eprlDs shown. 

Tbe construction of the second drawing die, shown in Fig. 9, Is sub- 
stantially the same aa that sbown In Fig. 8, except that it is pro- 
vided with a gage-plate O for holding the cup. Tbe lengtb ol tbe 
ahell produced by the die shown in Fig. 9 Is indicated at C In Fig. 7. 
After these two drawing ojwrations the shell Is annealed, and then 
put through the die shown in Fig. 10. The construction of this die Is 
similar to that shown in Fig. 9. 
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The cup D, aner the third drawing operation, was too long to be 
inserted in tbe press arallable for the fourth drawing operation, and 
had to be trimmed down to 7^ inches. The shell is kept In an up- 
right position In the die, Fig. 11, by a ring gage or guide A, which fits 
In the top of the shell when It la located In the die, and holds it while 
the punch forces it through. The distance between the bed and the 
ram of tbe press was not sufBcIent to allow tbe use of tbts guide with- 
out trimming tbe sbeli, which operation could have been dispensed 
with If a suitable press bad been available. 

The shell was annealed after tbe third drawing operation, and then 
put through the flnish -drawing die shown In Fig. 11, after which It was 
trimmed to the required length. Tbe last drawing die. Fig. 11, Is pro- 
vided with a knockout B, which was necessary, as It was Impossible 
to force tbe shell through the die In tbfa operation, on account of tbe 
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pnnch lorming a flange od it, aa ebown at E In Fig. 8. All the draw* 
Ing punches were provided with air paosages, anil the drawing faces 
of the bl&nk-holdere were made from tool steel and hardened. 

Dmwlnr a OoId-rall«d Bt«el Shell 
In Fig. 12 Is shown a cold-rolled steel shell to be drawn. The fol- 
lowing sizes of dies for the various drawing operations will be found 




suitable for making this ehell; 



Diameter of first drawing die = 9^ inches. 
Diameter of second drawing die ^ 7^ inches. 
Diameter of third drawing die ~ 6^ Inches, 
Diameter of fourth drawing die = S inches, 
Diameter of fifth drawing c" 

for reducing shoulder 
Diameter of alsth drawing d 

for reducing shoulder ^3^ laches. 

Diameter of eeveotb drawing 

die for reducing shoulder '= 2 9/16 Inches 
Finished drawing die for sbonl- 



inches. 



der 



a 2^ inches. 
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All these dnwlng dlea are of tbe same t7pe as those used In a double- 
action drawing press. The dies are made from cast Iron with hard- 
ened steel drawlDE surfaces, and the shell Is shoved through and not 
returned, to avoid scratching, except in the operations tor reducing 
the shoulder or lower part of the shell where it la necessary to re- 
move the shell hy the knock-out In the drawing iterations previous 
to reducing the shoulder, the shell Is stripped from the punch hy pro- 
jection F on the die (see Fig. 14). 
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Tbe first drawing die Is shown in Fig. 13, where A Is the cast-Iron 
base, B tbe tool-steel face. C the punch, and D the double-action blank 
holder which has a steel face. The punch is provided with a vent 
hole, as in the case with all the other drawing punches. Tbe correct 
shape of tbe punch is shown in tbe illustration. In Pig. 14 tbe re- 
drawing die is shown. This die is of the same construction as that 
shown in Fig. 13, except that It Is provided with a drawing angle of 
30 degrees, which facilitates the drawing or "flowing" of the metal. 
The shell, in this case. Is held by a blank holder D. which Is actuated 
by the double-action of the press, and holds the blank with sufficient 
pressure to prevent it from buckling when being drawn out by the 
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punch E. The dies for the successive redrawing operations up to the 
point where the shoulder Is reduced, are of similar construction ta 
that shown In Fig. 14. The redrawing dies for the reducing of the 
shoulder are also somewhat similar in design to that shown In Fig. 
14, except that tho shell 1b not forced through the die, but is returned 
by the knock-out bar o( the press. 

The punch and die for finish drawing and "ironing" out ridges in 
the ahell Is shown in Fig. 16. The die O is made of tool steel, as Is 
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also the punch B and the double-action blank holder I. The blank 
bolder J Is held in a bolster /. which. In turn, Is fastened to the ram 
of the press. A collar E is screwed Into the top ot the bolster to stop 
the upward stroke of the blank holder until the shoulder on the 
punch comes In contact wltb it. The Idea of using a double-action 
press and a die along the lines shown In Fig. 16 is to throw the blow 
on the punch and crankshaft of the press, Instead of on the toggles. 
This also Insures the stripping of the shell from the punch, as the 
small end of the shell, which is brought down to size. Is likely to stick 
in the die In this operation. Having a die of this construction also 
facilitates the stripping of the shell from the blank holder, "^flp 
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Bhape of the shell up to and beyond tbe shoulder is Indicated In Fig. 
15 wbere slight ridges are shown at the shoulder. These ridges are 
caused by tbe successive redrawing operations. 

Tbe writer would call the reader's attention to the gradual decrease 
In the metal alter eacb successive drawing operation. It Is evident, 
of course, that the diameter ot the shell must become less as it is 
reduced, so that the metal will not be subjected to excessive strain. 
The secoud drawing operation, that Is, the first operation after tbe 
cup has been formed, reduces the shell from a% Inches to 7^ Inches or 
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Third drawing operation reduces the shell from TA to 6% Inches or 
1% Inch In diameter. 

Fourth drawing operation reduces the shell from 6^ Inches to G 
inches or 1^ Inch in diameter. 

Fifth drawing operation reduces the shell from 5 Inches to 4 Inches 
or 1 Inch In diameter. 

These are the reductions In size of the upper part of the shelL 
Tbe reductions In tbe re-drawlng operations for the lower part of tb« 
shell are still less than those For the upper part, as follows: 

For tbe first drawing of shoulder the shell Is reduced from 4 to 
3% inches or % Inch In diameter. C OOolc 
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For ttie second drawing operation of shoulder, the shell Is reduced 
from 3 1/4 to 2 9/16 inches, or 11/16 inch in diameter. 

For the third drawing operation of shoulder, the shell Is reduced 
from 2 S/16 to 2 1/2 laches, or 1/16 lech in diameter. 

It is absolutslf necessary that all the drawing punches have vent 
holes in them, so that the shell, when drawn, will not stick to the 
punch or die and work havoc with the press. Another point which 
should be carefully considered Is the diameter of the blank. The 
blank should be made of such a size, that when the cup Is flnish 
drawn there will be from % to H inch to trim off. The reason for 
this Is that the upper or open end of the shell becomes hard and 
crystallized, owing to the excessive drawing, and extremely brittle. 




The crystallized part of the shell should be entirely removed so that. 
In flanging, the shell will not split or crack at the top edges. The 
writer would suggest that the shell, during the drawins operations, 
should pass through several annealing and pickltag operations, so as 
to make It more ductile. 

After the shell has been drawn to the correct length, it Is ready to 
be trimmed. This is done before the flanging and is usually accom- 
plished in a lathe of the roller-spindle variety. A method which 
could be used Id trimming this shell Is shown In Fig. IT. The shell 
is placed on a cast-iron chuck A which is screwed to the nose of the 
spindle. This cast-Iron chuck Is made slightly smaller in diameter 
than the inside of the shell. A hardened steel ring B is driven on the 
cast-Iron chuck, and acts as a cutting edge. The shell Is cut off by 
means of a hardened roller C. which Is made circular in shape but has 
no cutting teeth. It is held on a pin D which Is driven Into a bolder 
E. This 'holder Is held In the toolpost of the lathe. The shell Is held 
on the chuck by means of a revolving backplate F which, in turn, is 
held in a holder fitted to the tallstock of the lathe. The edges O and 



Jl^- 



DRAWING AND FORMING DIES 23 

H ot the roller and hardened rlns, respectively, are set so that they 
will slide freely past each other. The ehank of the chuck Is made con- 
Blderably smaller than the shell, so that the part cnt off can be easily 
removed. 

The flanging of the top of the shell Is the next operation. This 
can be done In two ways, one of which Is shown In Figs. IS and 19. 
This method requires two punches, both of which have hardened steel 
faces, but the Bame die can be used for both operatiooB. The first 
punch, as shown In Fig. 18, starts the flange, and the second punch, 
as shown la Fig. 19, flattens It The top face ot the die Is made of 
hardened steel, and le beveled slightly to allow tor the sprlns in the 
material. The other method of forming the flange Is shown In Fig. 
20. This the writer considers better and more satisfactory than the 
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one shown In Figs. 18 and 19. The flanging is accomplished In the 
lathe, the shell being held in a caat-lron chuck A which is screwed to 
the nose of the spindle. A tool-ateel face B is fastened to the cast- 
iron chuck, over which the flange is bent by means o( the hardened 
roller C. This roller la held on a pin D which Is driven Into a bolder 
E, the latter being held In the toolpost of the lathe. The roller is 
applied In the manner shown In the illustration, and Is brought from 
the inside out along the face. The face of the tool-steel ring B is 
beveled at about 6 degrees, to allow for the spring of the metal. Care 
should be taken to turn the flange over evenly and without buckling. 
The roller should be held at the correct angle to the work, to give the 
best results. When the flange is turned over, It Is flattened down by 
the fiat face H on the roller. If the suggestions given are carefully 
followed no dllflculty should be encountered in making this shell. 

MnUny a FoFFule lu One Operation 
Figs. 21 to 23 Illustrate a ferrule and the method of blanking, 
drawing, redrawing and finishing the hole in the bottom. In one oper- 
ation. The die, which Is shown In Fig. 21. is not a complicated one. 
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nor la It difflcult to construct. That It 1h practical la obvlauB from 
the fact that it is producing fermlea at the rate of lOSO per hour. 
This shows the possibility of combining aeveral operations In one. 

The punches and dies were made of O.IZ point carbon Steel, and 
used In a No. 3^ Bliss double-acting press. This press was used be- 
cause there was no smaller press aTallable In which the dlea could be 




used. The tools, on account of their small size, were made from bar 
stock, but In general, drawing punches and dies, except for small 
work, should be made either of cast Iron or cast steel. In some cases 
a cast-Iron die Is Just as efficient as one made of tool steel. It is the 
writer's practice to make a pattern and cast the die. punch or blanK- 
bolder as nearly to size as possible, thus dispensing with the ma- 
chining and bench work. In making this die, the flret thing done b7 ^\r• 
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the bench-hftnd vas to make male and female Bheet-metal gagea, about 
1/16 Inch tblck. Tbeae gages must be lull slse, not ball gage, as It 
la very easy for a lathe-band to mlaread bla micrometer one turn, 0.025 
Incb, but there is no excuse for a workman not making a part right 
when be has gages to work to, and, moreoYer, It 1b quicker to work to 
the gagea. 

This set of tools, as can be seen at a glance, requires only straight 
lathe and grinder work; therefore, after the bench-hand had made 
the templets, he had no more to do with the toola until thay were 
turned, hardened and ground and came back to be aaaembled. The 
cutting punch was only hardened ou the end, leaving the shoulder soft, 
thus making it possible to get a perfect alignment for the two %-lnch 
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subi)re8S plna, after the die and punch were hardened and ground. 
The blanking die, as well as the first and second drawing dies, had to 
be true with the outside diameter, as each in turn was recessed out 
tor the other. 

The second operation drawing punch, which fs also the re-punchlng 
die. Is provided with a spring stripper. This stripper baa a rod pass- 
ing through the punch, held in place by a nut Behind the strlppsr fs 
a spring, held in place by a blind screw. Six G/l&-lnch holes are 
drilled in the shoulder of this punch, for holding the punch to the 
ram of the press. By making the spring stripper In this manner, 
the scrap from the %-lnch hole In the bottom of the ferrule la retained 
on the Inside of the shell when It Is ejected. The spring stripper 
which operates the blanking punch la turned down, so as to take up 
as UtUe room as possible. Flga. 22 and 23 show the construction of 
the blanking punch and the die-bolder, respectively. ^. 1^ 
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EXAMPLES OF DRAWING, FORMINa 
AND BENDING DIBS 

The fihell Bhown In section In tbe dies at C in Fig. 24 Is an unusu- 
ally difScult piece to draw from thick braes, the principal dlfflculty 
being due to the fact that the metal will not draw over anything ap- 
proximating a sharp corner. The usual method of producing a shell 
of this hind — reducing It from larger cups by successlTe drawing oper- 
ations — was tried without success. Finally the method shown in the 
illustration was tried, and It was found that satisfactory results 
could thus be obtained. This makes the operation ahln to squeezing 
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rather than drawing, the point being to protrude enough metal in tbe 
flrst and second operations to allow pressure from below to be ap- 
plied in a third operation, shaping the stock and setting It to the 
required dimensions. 

In the dies shown at A tbe object Is to start the thick metal in a 
downward direction by means of tbe comparatively loose fitting punch 
and die shown. Tbe edge of this die Is very gradually rounded so 
that the metal will slide over easily. The second operation, which Is 
performed in the dies at B, consists of shaping the shell around the 
depression already made, and tbe finished shape Is the result of the 
operation performed fn the dies at C. 

The shell Is started from a round blank, and two annealings are 
required to bring the metal to the finished shape. Subsequent pierc- 
ing and cutting operations are afterward performed on the piece, but 
these do not diner from the general run of such operations. 
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Drawliur BoundlnB' CoTera In One Oparstlon 

FigB. 25 to 28 show a punch and die for drawing rounding covers 

to the full depth In one operation, without leaving a wrinkle, Qnlsh- 

Ing them four at a Ume. Aa la well known, It la a difficult propo- 
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sftlon to draw a shell to the ebape shown; euch a cover cannot be 
drawn in one operation b^ the standard doublC'actlon method, for the 
stock would wrinkle and tear, maklos it necessary to spin out the 
wrinkles, as the punching would not «tamp them out An additional 
operation la required to finally stamp thfm all uniformly. 
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Fig. 25 shows at the top a view of the old-Btyle method of i 
this cover which ehows how the bottom has been reversed to stretch 
the metal and give enough stock for the crown and sides, the latter 
being very much wrinkled and sometlmeG "lapping." Considering 
the tact that these covers are of large size, ranging from 15 to 2i 
Inches in diameter at the edge of the rounding top, and that each 
time the blanks "lapped" it meant a loss of four, this proved to he a. 
costly method. When they did come through all right, not only did 
the wrinkles have to be rolled out, but the blanks had to be stamped 
besides to bead them and reverse the shell. 

To overcome these drawbacks and to eliminate the numerous hand- 
lings, a triple-acting die for use in a double-action press was designed. 
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This made the complete shell, four at a time, in one operation to the 
shape indicated in Fig. 25 at the bottom. Fig, 2S is an assembled 
view of the die. showing all its parts. A blank is shown In position 
lor drawing, being held by the blank-holder and die in regular double- 
action fashion, with the punch just touching. The die A is an ordi- 
nary double-action drawing die, made at cast Iron, formed to the eiact 
shape of the flnlahed rounding cover, with a vent hole through the 
center of the bottom through which the ejector works. The drawing 
faces of both the die and the blank-holder are the exact atie of the 
blank; the blank-holder B Is of the regulation, double-action type, 
made of cast Iron, with an opening through the center to allow the 
drawing punch to slide 'through easily. Both the die and the blank- 
holder are secured to the press by means of a clamping flange. The 
punch C, It will be noted, contains the special feature that made the 
drawing of the flnlsbed shell a possibility. The punch, itsell, is made 
of cast Iron and Is tapped at Its base and thereby secured to the 
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Bbuik of the preea. The outside diameter of the punch Is Just large 
enough to slide through the blank-bolder easily. A shoulder Is turned 
around the body of the punch over which there Is a sliding pressure 
ring D, held In position by several shoulder screws E. between which 
are spring pockets containing heavy spiral springa ol sufficient strength 
to draw the shell to the shape Indicated In the middle view In Pig. 
26; the punch has corresponding spring pockets. When making 
the punch, this ring D was beld back against the shoulder of tbe 
punch C and both faces were machined while In this position to give 
the Internal torm of the rounding cover. Tbe normal position and 
appearance of the punch and ring are shown in Fig. 26. 
Tbe action of the punch and die in drawing the shells Is as follows: 
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After the blanks have been placed in position on the top face of the 
drawing die A, tbe blank-bolder B attached to the pressure part of 
the double-action press descends until It holds the blanks firmly 
against the die face. Tbe punch pressure ring D then comes down, 
the heavy springs In the pockets being sufficiently strong to perform 
tbe first drawing operation which brings the blank to the shape 
Bbown In the middle view In Pig. 25; Fig. 27 shows the punch and 
die after this operation, when the pressure ring has bottomed in the 
die, acting OB an inner blank-holder while the punch descends still 
further to form the central part of the blank. The cover Anally 
assumes tbe shape indicated In tbe lower view in Fig. 25, the relative 
positions of the members of the punch being shown by Fig. 28. Alto- 
gether, the action was perfect and no defective shells were pro- 
duced, the drawing being easy and uniform. 

The examples of drawing and forming shown on the previous pages 
have been selected from a great variety of punch and die construc- 
tions, because they exhibit clearly the principles Involved. 
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8oiii« Intareetlufr Drawlufr uul Curllns Dies 

The toll owing interesting exam pie a of drawing and curling die 
work were obtained in the shop of the Budd & Ranney Mfg. Co., 
Columbus, Ohio, manufacturers of Budd & Ranney gas engines, special 
machinery, tools, and all sorts of punch press work. The firm devotes 
the greater part of Its attention to the manufacture of special toals, 
punches and dies, etc. Some of the punch and die problems submitted 
to it and Euccessfully Bolved are described in the following. 

Fig. 29 shows a drawing punch and die which was made for pro- 
ducing the brass top for a wire gaa globe shown assembled at A in 
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Fig. 30. This globe la a recently patented protector for gas mantels. 
The wire mesb permits a free circulation of the air around the burner. 
This globe UlIs the additional function of a Are prevention device, 
because If the mantel should break, it is caught and held by the wire 

The top (or this wire gas globe is made from 0.010 inch thick sheet 
brass and Is blanked and drawn up completely to shape In one opera- 
tlon. The piece Is shown after this operation at A In Fig. 29. and also 
at B in Fig. 31. The die and punch used tor this purpose are shown 
at B and C In Fig. 29, and are used In a single-action punch press. 
As indicated In Fig. 31, this brass top is produced inverted and not 
drawn through a die in the usual manner. 

The die 8. Fig. 29, consists of a cast-iron bolster a. bored to receive • 
the blanking die b which has an Irregular top face providing for a 
shearing cutting edge. This blanking die Is held in place by rlngjtj^ 
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and thA screws sbowD. The forming part of tbe die proper consists 
of a circular form d, made to suit the Internal diameters and sbapo 
of tbe brass top, and held is the recess in the bolster by screws anil 
dowels. Projecting through from the base of the dte bolster are 
eight pins e which rest on a steel ring bearing on top of a rubber 
spring pad. 10 inches long and S inches in external diameter, having 
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a 3^-inch hole. This rubber spring pad Is held on a bolt screwed 
into the bolster. 

When In operation, pad / {shown removed in Fig. 29), rests on 
pins e and provides a support tor tbe sheet while the blank Is being 
cut by the outer edge of the punch C. Then, as the ram of the press 
continues to descend, pad / Is forced down by punch <7. compressing 
the rubber spring pad and at the same time allowlug the recess in 
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the punch (made to suit tbe outside diameters and shape of the brass 
top) tc force the work over forming die d. thus producing the de- 
sired shape. The bar g is used as a guide for the sheet, while the 
finger ft locates the sheet for each successive blank. 

It wilt be seen from Figs. 29 and 31 that there Is considerable 
excess material left around the edge of the brass top after it has been 
formed to the desired shape. The chief reason for this is that tbe 
brass top, which is made from comparatively thin stock, can then be 
nicely trimmed in a succeeding punch and die with little difficulty. 
On the other hand. If this excessive material were not provided for, 
it would be much more dlfflcult to draw the cup successfully, and 
would also Increase the difflcutty of trimming. As It Is also necei 
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aary to cut out the bottom of this braes top in a succeeding opera- 
tion, the trimming and blanking can be done in the same die. 

The punch and die used for trimming the wire gas globe is shown 
tn Fig. 32. This punch and die is also held in a single-action preae, 
the punch being held to the ram, vhlie the die Is held in a bolster 
on the bed of the press In the usual manner. The trimming die 
consists of two steel rings or dies; the larger one A Is doweled and 
screwed to the top face of the bolster B, while the trimming ring 
for the bottom of the brass top Is let Into the bolster. The dis- 
tance between the top faces o( the two trtmmfng rings is eligbtl; 
greater than the corresponding distances on the brass top. 



The punch consists of two main parts C and D. The lower part C 
which continues up, In sbank form, into the ram of the press. Is 
used to cut out the bottom of the brass top. Part D Is in the form 
of a ring surrounding punch C, and Is held down on a sboulder on 
the latter by stttT coll springs located between the rings D and E, 
the latter of which bears against the lower face of the press ram. 

The operator places the work in the die, as shown In Pig. 32, and 
then trips the press, when punch C descends and cuts out the bottom 
of the brass top. Upon further downward movement of the ram, 
punch ring D comes In contact with the llange on the work, pressing 
It tightly against the die ring A and compressing tbe coll springs. 
This acllon continues until punch ring £> comes Into contact with 
ring E, when further upward movement of the punch ring Is pre- 
vented, and the excess metal Is sheared from the brass top. 'Hie.ilt;^ 
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disk cut out rrotn the tiottom of tbe work falls to tbe floor, nhlle the 
ring and top are removed from the die by tbe operator with the 
stick shown lying on tbe bolster ot the press. A pile of flnlsbed 
pieces Is shown at F, Fig. 32, and one single top at D in Fig. 29. In 
this slngle-BCtion press It Is possible to turn out 4000 wire gas globe 
tops in 10 hours, this production Including both operations— drawing 
or forming, and trimming. 

Another Interesting example of press drawing of sheet metal . is 
shown in Figs. 33 and 34. Fig. 34 shows the various press opera- 
tions diagrammBticBlIy, and illustrates the successive steps followed 
in tbe production of a steel cup. The most remarkable feature Is 
that this cup Is completed in four operations without annealing. Tbe 
material used Is mild steel 0.042 Inch thick. Upon referring to B 
and C in Fig. 33. and also to C and D in Fig. 34, It will be seen how 



this feat is accomplished. Instead of endeavoring to produce square 
shoulders and straight sides in tbe preliminary drawing operations, 
tbe corners are formed with liberal radii and the sides Inclined at 
an angle with the axis ot the cup. The object in making the cup 
o[ this shape la to assist the metal in "flowing," anad to distribute 
the strains throughout the greater portion of the blank. 

Sharp corners and straight sides tend to put all the strain on che 
corners and cause rupture at these points. Furthermore, by form- 
ing the cup In the manner shown, tbe (inal operation simply shapes 
the work by stretching it at the corners, without Increasing its 
length to any perceptible extent. Upon cutting one of these cups 
In two, It was found that the metal was only slightly reduced In 
thickness at the point a. In section E. Fig. 34, the remainder of the 
cup being practically of uniform thtckneBS. As the top of the cup 
had to be ot an exact diameter externally, the metal «a3 drawn more 
at this point, to remove, what spring at!!l remained In It. This steel 
cup was produced In dies of practically the same construction as 
those shown in Fig. 29, In a single-action punch press. 

It is tbe practice In one shop In making drawing dlen, to cal- 
culate roughly the diameter of the blank required and to make tb* ^ 
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Euccesslve drawing and redrawlDg dies before making the blanking 
die. A simple method ot obtaining the approsimate diameter of the 
blank Is to multiply the circumference of the ftnlahed cup by the 
height, and then add the area of the bottom, which glvea the area 
of the blank; then find the diameter of a circle whose area equals 
thlB area. This rule applies to cups that must be made of a. uniform 
thickness on the sides and bottom and that are of approximately 
cylindrical shape. For Irregular shaped cups the usual practice Is 
to take the mean diameter aad use the rule previously given. 

It Is impossible by any known method to calculate the exact di- 
ameter of blank required, as the "stretch" of the material cannot be 
definitely determined except by trial. Considering this. It la good 
practice to follow the method suggested — that fs, making the suc- 
cessive drawing dies before the blanking die. A blank can be cut 
out and filed to the approximate diameter In a short time, then 
passed through the drawing diea, and when completely formed. If 
found to be of the required length, the blanking die can be made 
to the same diameter as was this trial blank. If, on the other hAnd, 
the shell Is too abort or long, the diameter of the blank can be 
Increased or reduced accordingly, and the same procedure followed 
until the exact diameter of the blank is obtained. 

An Interesting curling die for forming the ring B, Fig. 30, used 
in holding the wire mesh In the gas globe shown at A, Is shown In 
the same illustration. The ring Is shown in Its successive forming 
steps at A, B and O in Fig. 35; A Is the strip from which the ring 
Is made, -cut from a sheet of Russian Iron to the dimension shown. 
The first step is to bend the blank into a hoop in a pair of bending 
rolls, bringing it to the shape shown at B. and also at D In Fig. 3D. 
It la now ready tor the curling die, which is held in the press shown 
in Fig. 32. 

Referring to Fig. 30, tbe curling die shown at F consists of a 
bolster a having a projection around which the forming ring or die 6 
is held. Retained inside the forming die, by a ring c and four screws 
d, are four Jaws e. These Jaws are provided with elongated holes in 
which screws d fit, and are acted upon by open-wound coll springs 
located In front of the eight headless screws / placed equidistant 
around the die ring. The inner sides of the Jaws are provided with a 
projection and form a tapered hole into which the tapered spring- 
operated pin 17, held In punch O, fits. 

In operation, punch O Is held in the ram of the press and die F is 
fastened to the bed. The operator grasps the partly bent band D 
with both hands, placing It between Jaws e and die ring b. as Illus- 
trated diagram matlcally at D In Fig. 3B. Then when the ram of the 
press descends, the tapered pin g comes In contact with jaws e. forc- 
ing them out and thus gripping the hoop securely. As the ram con- 
tinues to descend, the tapered pin recedes, allowing the groove ft in 
punch O to force the band over the die ring in tbe manner shown at B 
in Fig. 35. When the ram of tbe press ascends, the Jaws are re- 
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turned to their normal position by the elgbt coil eprinss. tlius freeing 
ttie ring and allowing it to be eaBlly removed by the operator. 

A '*»"'<'"y Dla 
Pig. 36 showa a die designed (or the Eagle Tool Co., Cincinnati, 
Ohio, to meet the requirements of a certain bending operation on 16 
gage sheet metal. It will be seen from the Illustration that a swing- 
ing arm A Is pivoted at one end of the punch; this arm carries a steel 
roll B. When the punch descenda this roll bends the stock down into 
the die at C; when the downward travel of the roller is checked by 
the die, the arm A swings to the left and continues to move In this 
direction until the roller has formed the work in the die as shown. 
The left tiand end of the work is formed between the die and the ex- 
tension E on the punch. Before the punch has reached the end of Its 
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downward travel, the gripper F engages the work and holds U in 
position through the tension of the two springs shown in the Illus- 
tration. This prevents any movement of the work during the final 
stages of the bending operation. 

Press Tools lor AluminuiD Shell 

The spoked aluminum shell shown in Fig. 37 la about four inches 
in diameter and one Inch deep. It has four spokes, or arms, radiating 
from a hub In which a shaft hole and four rivet holes are punched. 
These holes are used for attaching the aluminum shell to the bear- 
ings of the hub on which It Is used. Stiffening "lipa" around the 
openings and spokes arc formed, and the ribs or spokes themselves 
are embossed to add to the strength of the shell. Four rivet holes 
punched through the rtm of the shell serve to attach it to an exterior 
band. 

This shell was made la the following manner and with excellent 
results: The blanking, drawing and embossing Is done In one opera- 
tion In a double-action press, using the die sbown in Fig. 38. The 
blank-holder A is made of cast Iron, and a hardened tool-steel blank- 
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Ing die D Ib fastened to It, which not only acts as a die, but also 
serves to hold the blank In i>oBttion while the drawing operation is 
taking place. B is the cast-iron drawing punch, to which Is attached 
a hardened steel face E. This face E contains the embossing recess 
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for the Bpokes, Into which the metal is forced by the embosBlng punch 
H held to the lower member. The punch H also acts ag an ejector 
after the drawing and embossing operations have been completed, and 
1b actuated by tbe stem J and the knock-out mechanism of the press. 
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The die-shoe C Is made of cast iron, and 1b bored out to receive the 
blanking punch O over the inner edge of which tbe shell Is drawn after 
blanking. The stripper ring E, which is made of soft steel and passes 
around the periphery of tbe die G. Is limited in Us travel by the 
shouldered screws F. and acted upon by Btx helical aprlngB. There are 
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several vent holes In the drawing punch and through the plate E 
and the base of the dle-ehoe, the purpose of which Is to allow the air , 
to escape while drawing, and enter while stripping and ejecting the 
shell. The shell is drawn entirely into the ring Q, and of course, 
must be trimmed afterward. This is performed In a trimming lathe, 
although similar shells are sometimes drawn to the depth required, 
and a flange left on them, so that the? may be trimmed otf by a sim- 
ple blanking die. However, the method of handling this operation 
lies entirely with the designer, although It should be governed to 
some extent by the requirements of the shell. 

After the shell Is drawn into cup form, the next operation is to 
pierce the openings to form the spokes, and torn up the "lips" around 
these openings. Both these operations are performed In the die 




shown in Fig. 39, which Is held in a single-action press. The die- 
shoe A and the punch-holder B. respectively, are made of cast Iron, 
the die-shoe being bored out to receive the aoft-Bteel die carrier O, and 
the ejector plate F, which Is also made of soft steel and Is actuated by 
tour studs J resting on a cast-iron plate L. This caat-lron plate L Is 
pressed upward by a rubber pad M which slides on stud K. The die- 
bushings B are flanged on the bottom, as shown, and are held In the 
carrier plate In the usual manner. They serve not only as dies tor 
piercing, but also as drawing punches to draw the etltlenlng "lips" 
on the shell. The drawing die C Is held on the punch-holder B. and 
carries the piercing punches D, which are set ahead of the drawing 
die so that they will pierce the stock before the die begins to draw the 
"lips." A stripper ring H. actuated by coll springs as shown, is 
limited in its travel by the drawing die C upon which it comes to rest 
on the up-'stroke of the ram. All the screws and dowel pins used for 
holding the various members In their respective holders are omitted 
for the sake of clearness. 

The shell is now ready to have the holes around the rim and the 
small holes In the bottom pierced. These operations are accompllshe^l ^ 
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In the die shown In Fig. 40 which Is held in a Bliigl»«ctIon preee. A 
circular disk B of cast iron serves as a base for the die, and to It Is 
attached the dle-anvU K, of eott machine steel. Dle-buehlngs L and 
it are driven Into the anvil E for piercing the holes In the rim and 
, In the bottom ot the ehelL Receeaes -are cut In the block K to receive 
the "lips" around the spoke openings. The cast-Iron punch-holder 
carries two flat springs J, which serve to hold the shell on the anvil 
when the holes are belag pierced. The punch-holder also carries 
four studs F (only two of which are shown) that operate the pierc- 
ing punches O. These piercing punches M In blocks H held to the 
die-bolster, and are retained In the blocks H by the small studs N 
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working In elongated holes In the block. These small studa or pins N 
also serve to prevent the punches from turning around, so that their 
beveled ends are always presented properly to the studs F. The 
pnnches G are withdrawn when the ram of the press ascends, by 
coll apriugs, as shown. The punches and P. for piercing the holes 
In the bottom of the shell, are held In a macblne-Bteel block C, which 
Ib backed up with a hardened tool-steel block D inserted In the 
punch-holder. The blocks C and D are doweled together and held 
to the punch-holder. 

Making this aluminum shell in the manner described, gives a uni- 
form product, and the tools are of such a character that they are 
easily repaired and are not very costly. While these tools are of a 
special character, a number of the features incorporated in them could 
be used tor a variety of purposes. TC 



40 Ntt. 126— DRAWING AND FORMING DIES 

Drswinc Id » Blnsla-Aotlns Praos 

Fig. 11 shows a method for drawlog steel cups, such sa would uauall? 
be made on a double-acting press. No double-acting press was, avail- 
able, but only a long-stroke slngle-acttug press or sufllclent capacity 
to do the Job. The die was made as follows: On the die B were 
bolted some U-shaped pieces E which carried the holding hooks D. 
These boohs Z> could be adjusted to any desired degree of tightness by 
setting down the pieces E with the set-screws provided and then 
clamping them securely in place. The blank-holder was suspended 
on four bolts Q, and these bolts were adjusted to the proper length 
BO that the blank-holder G was laid on the blank early In the stroke; 
then closing lugs F engage the holding hooks D and force them in 
on the beveled ledge of the blank-holder. The lugs F then slide along 
the back of hooks D during the remainder of the stroke. 

On the up stroke the closing lugs leave the hooks D which are Im- 
mediately thrown open by springs provided for this purpose, and 
then the blank-holder C Is lifted up by the suspension bolts O. The 
■formed piece Is loosened in the die by the rubber block, or, if neces- 
sary, a positive stripper can be provided. At first the closing lugs F 
were made solid with the punch-holder, but after several were. broken 
by dirt or other foreign substances getting under the blank, a new 
bolder was made with the lugs bolted on, so that the bolts would allow 
the lugs to give enough to prevent breakage. 

This die is more expensive than would be required tor a double- 
acting press, but works nearly as well and makes It possible to do the 
work with the equipment at hand. 
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BLBOTBIO WHLDnra PROOHSSES 

Altbougb the electric weldlog proceaa paaaed out of the experi- 
mental Into the practical etaee Bome years ago, electric welding Is still 
a rather vague subject to most mechanics. Electric welding, however, 
plays an Important part nowadays In the manufacture of a great 
many artdcles, and several companies have been formed which devote 
tbelr entire attention to the manufacture of articles In which electric 
welding is an Integral part of the manubcturing process. Without 
the process of electric welding, many of these products would have to 
be manufactured in an entirely different way, and la many cases at a 
greatly increased cost 

There are at least five distinct processes of electric welding in use 
at the present time. These processes are commonly known as the 
Zerener, the Benardos, the Strohmenger-SIaughter, the La Grange- 
Hoho, and the Thomson processes. 

The Zerenar Ptoosbb 

In the first process mentioned above, the Zerener procesB, perhaps 
more commonly known as the electric blow-pipe method, an electric 
arc is drawn between two carbon electrodes. This arc Is then caused 
to Impinge upon the metal surfaces to be welded by means of an 
electro-magnet. This welding system was lotrodnced by Dr. Zerener 
of Berlin, Qermany, some twenty years ago. No current passes 
through ^e work in this case. 

The Zerener system, as well as all arc-welding systems, is baaed 
upon the fact that when two rods of carbon, connected by suitable 
means to the poles of a dynamo or io the terminals of current supply 
cables, are l)rcught Into contact, a flame is caused to play between 
them, this flame being known as an arc VarlatiouB in the gap or 
distance between the carbon electrodes, or the Interposttion ol resist- 
ances ot varying Intensity, increase or decrease, as the case may be, 
the amount ot current passing through the electrodes, and thuj alter 
the size of 'ttre flame or arc. 

In an improvement on this method, known as the Voltex process, 
the carbons contain a small percentage of metallic oxides — oxide of 
iron, for Instance— which Is converted by the heat generated into its 
metallic form and ihen vaporized. The vapor tends to Increase the 
size of the arc and minimizes or prevents the c&rbonizatioD ot the 
work by the carbon ot the electrodes at the welding point 

The various systems ot eleotric arc welding are especially valuable 
when the parts to be welded must, sitter welding, retain Ihelr original 
positions or relationship with reference to each other. A crock In a 
machine part Illustrates such a case. These methods are also ap- ■ 

glc 
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plicable vben making ao abrupt Joint between two plates, filling up 
boles In caetingB and generally for any work In wbicb It Is neceaa&ry 
to add metal to form the JolnL 

In arc welding the temperature of the arc Is practically ImposBlble 
of control; to avoid melting, then, even In caaea where melting Is 
unnecessary, which not often is tbe ca«e. It would be compulsory to 
remove the work or arc at the very Instant welding heat was at- 
tained, a point not readily determined, having regard to the intense 
light at the arc necessitating the use of almost opaque spectacles, 
which not only obscure the vision, but result in severe eyestrain. 
The heat generated is so intense that It !s oeceBsary also to guard 
the hands and face to avoid burning. 

In the case of the iron alloys, the arc method Is often open to the 
objection that It demands infallibility on the part o( the operator. 
While a good weld is almost as good as original continuity, the fact 
that this Is only possible when the pieces are heated to a definite 
tenkperature, renders the method less satisfactory than the Thomson 
process yet to be described. From tbe point of view of perfection of 
product, the process U lacking, for the reason that the temperature 
of tbe arc— Ijetween 5000 and 7000 degrees P. — is far in excess of tbe 
melting-point of the iron alloys, and is extremely difficult to control. 



The Benardoe process U also baaed upon tbe use of the electric arc, 
the characteristic principle of this process being that the electric 
arc Is drawn directly between the metal to be welded, which Itself 
forms one electrode for the electric current, and the carbon electrode, 
which forma tbe other terminal of the circuit In this process, the 
pieces of metal to be welded are melted on their faces together with 
a small iron rod which acts as a kind of solder and flows In between 
the two surfaces to be Joined together by the welding process. This 
system, if properly adapted to the work to be done, and with a plant 
well designed for generating, distributing and regulating the current, 
is practical, simple and effective. The quantity of current used de- 
pends on the tbicknesB to be welded and may. In ordinary practice, 
range from SOO to 600 amperes. The arrangement of using the metal 
to be welded as one electrode for the electric circuit makes It poa- 
slble to obtain a great amount of heat In the weld. 

In the Benardos process, the direction of flow of the electric cur- 
rent may be in either direction, but, as a rule, tbe work or metal 
electrode Is the positive and the carbon electrode the negative pole. 
In case the Bow is reversed, the arc will be shorter and the carbon 
from the electrode is more liable to enter the weld, thereby hard- 
ening the material and rendering it brittle. In commencing the 
weld, the carbon electrode Is brought into contact with the work, thus 
causing an electric current to flow, but la quickly withdrawn. Intro- 
ducing a resistance which produces an arc of high temperature. 

In all arc-welding systems, it is difficult to absolutely prevent the 
Introduction of carbon into the work. An Improvement, known 
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the Slavlanoff system. In which a very small arc Is used, and which, 
for that reason. Is much slower, prevents, to a targe extent, the Intro- 
duction of carbon Into the work, and Ib therelore preferred, par- 
tlcalarly lor amall work. In this process the electrode Is of the same 
metal as the work. 

When a number of welding machines working according to the 
Benardos system are employed, it Is necessary that the current be 
supplied In such a manner that one machine will not affect the arc 
of another. This ta effected very simply by generating In a com- 
pound-wound dynamo of ample capacity, and the machine should be 
slightly over-, rather than under-, compounded. By this arrangement 
an Increase of load does not lower the voltage. In a well-designed 
machine the voltage scarcely varies, provided the engine driving It Is 
efficient to maintain Its speed. The arcs are arranged In parallel, and 
each arc Is provided with a regulator to adjust the current to the 
work to be done. The rod of carbon forming the negative electrode 
Is fastened In an Insulated holder of light construction. The work- 
man holds this In his hand, strikes the arc by placing the carbon 
In contact with the work, and manipQlates It so as to spread the 
arc and heat the work at and near the point to be welded with what 
is described as a soaking heat When the welding heat is attained, 
the work Is hammered or not according to circumstances. Screens 
with colored glass windows are used to protect the eyes and skin of 
the workman from the effect of violet rays. 

ThB Strohmenger-BIauffhMr Sjrstem 

The Strohmenger-S laughter system, also an arc-welding system, may 
be worked with either direct or alternating current It Is generally 
assumed that the alternating current Is preferable tor this purpose. 
The voltage need not be very high and the amount of the current 
within UnHta Is not Important Successful welding has been carried 
out with 8G volts used with direct current and 220 volts with alter- 
nating current The quantity of the current depends upon the nature 
of the work. The parts to be welded are placed In the required posi- 
tion and an electrode is laid upon and along the welding line. This 
electrode consists of a soft iron rod covered all over except at the 
extreme ends with a flus suitable for the metal to be welded. Then 
the work and one end of the electrode ^re brought into contact, 
causing, by a series of arcs along the welding line, the electrode to 
melt and to coat the weld with the flux, thereby preventing oxida- 
tion. The flux will flake off when the mefal cools. It is claimed that 
this system Is .used successfully In the welding of rails and In other 
repairs by building up worn places, but It Is not as generally known 
as the other systems. 

The Ls Oran8«-Hoho Process 

The La Grange-Hoho system, commonly known as the "water pall" 
forge, is distinctly different from all other processes In principle as 
well as in Its practical application, and is, properly speaking, only 
a heating process replacing the blacksmith's fire. A wooden tank la 
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filled with El bath contalnlDg a solution of borax and potasilum car- 
boDate In water. In this bath, the positive electrode of the electric 
circuit Is placed. The negative electrode 1b connected to the metal 
to be forged or welded, which 1b then also Immersed In the fluid in 
the tank. The metal is then permitted to remain In the fluid until 
It has reached the welding temperature. The object to be welded 
la then removed and the actual forging or welding process la carried 
out in the usual manner on the anvil under a hammer. Strictly 
speaking, therefore, this la not an electric welding process, but merely 
an electric heating process for bringing the metal to a welding heat 

The Thomson Prooess 

In the Thomeon process, also known as the incandescent or resist' 
ance procesa, the metals to he welded are brought Into Intimate con- 
tact, being uaually held closely together by metal clamps actuated 
by springs so as to permit a permanent pressure on the parts even 
when the metal at the welding surfaces commences to melt. By this 
contact, the parta to be welded complete an electric circuit, and the 
resistance at the points of contact between the metals produces a 
welding temperature In a very few seconds, at the same time as the 
two metals are, by the spring-actuated clamps, forced together auto- 
matically, and welded. A distinct feature of this electric welding 
process le that the interior Is raised to a welding temperature before 
the surface reaches that beat When heated In the forge for welding, 
the opposite conditions take place. In the process of electric welding, 
if the exterior surfaces weld, the operator Is sure that the Interior 
Is also welded, since It must, by necessity, be of a somewhat higher 
heat. With ordinary forge welding the surfaces may present a perfect 
weld and stilt cover an Imperfect joint Inside. 

A few years ago It was thought that electric welding would be 
practical only for very small objects, on account of the high amper- 
age required, but since that time the process baa been developed so 
that It is now possible to electrically weld parts of considerable sUe. 
The procesa Is particularly suited for the manufacture of automobile 
and bicycle parts, carriage hardware, and mechanics' tools of various 
descrlptlona. 

When, as mentioned above, the two parts to be welded have been 
placed against each other. In the electric circuit, which heats the 
metal at the juncture to a molten state, the separate parts will be 
united Into one piece In such a manner that the joint Is practically 
Imperceptible, but at first a burr or upset Is produced around the 
welded surface, composed of the expelled oxidized and otherwise 
inferior metal. This oxidation Is, ot course, removed, and then a 
perfect Joint Is the result 

One very Important question in regard to electric welding, and for 
that matter any other process for joining metallic parta, is whether 
the Joint Is sound. Experiments and testa, as well as use of elec- 
trically welded joints, have unquestlonablf demonstrated Its re- 
liability. In the case of electric welding, the great variety of parts 
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so Joined has ahowD, beyond doubt, that the Joint is practically as 
sound as the solid sections In the parts so Joined. Very commonly the 
parts which are welded by the electric process are subjected to abuse 
and rough handltnK. or to heavy ertreases. Especially 1b this so In 
automobile work. The results obtained have been so satisfactory as 
to place the art among the most useful of the applications of electricity. 

In this connection. It may be well to mention that the Thomson 
process, while originally an American Invention, has also received 
considerable attention in England. A writer In the London Timet 
some time ago, called attention to the fact that the eyatem has caused 
a complete revolution In eiisting methods of manufacture iu many 
Industries, and that electric welding had created some entirely new 
manatactures. As to the reliability at these Joints, this writer also 
mentioned that tests bad been carried on regarding the comparative 
strength of electric and ordinary forged welds, and that these tests 
show that while the ordinary forge weld of iron bars shows an aver- 
age strength of 89.3 per cent, as compared with the strength of the 
solid, electrically welded Joints show a Btrengtb of 91.9 per cent. 

In giving a summary ol the advantages which can, with propriety, 
be claimed for the electric welding process, the following may be 
stated as being the most Important: Finished or nearly flnlshed work 
may be welded and repaired without damage; the welding operation 
can be closely watched as It proceeds, and faulty welde prevented; 
the process is carried out with great rapidity, occupying only a tew 
seconds, and In small work it Is performed almost Instantaneously; 
and, finally. Impurities are expelled from the joint, and a perfectly 
homogeneous weld la obtained. The cost for the generation of heat, 
generally speaking, is probably the same for forge and electric weld- 
ing, but with the electric process the cost of labor Is greatly reduced. 

In the following chapters the more important of these welding 
processes will be dealt with In detail, the methods connected with 
each being explained and the advantages pointed out 
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CHAPTER n 



ELBKTEBIO BBSISTAirOB FBOOB8S OF WI!IIJ3INa 

In a paper read before the Americsn Society of Mecbanlcal En- 
gineers by Mr. W. A. Hodges, tbe most Important features of the 
electric resletance process — also known as tbe Thomson process-^of 
welding were pointed out This process of welding and besting, aome- 
tlmes called tbe Incandescent process, as distlngulsbed from tbe 
electric arc process, consists In causing; a heavy current of electricity 
to pass across the Joint at tbe lowest voltage which wUl drive the 
current through the pieces to be welded, to bring the metal a^ tbe 
Junction up to a welding heat; at tbe same time tbe pieces are pressed 
together to make a complete union or weld. Tbe pieces to be welded 
together when clamped Id a welding machine complete an electrical 
circuit, but are Inadequate to carry tbe heavy current passing through 
them without beating; as the heat increases tbe resistance also in- 
creases, and the union or weld Is thereby accelerated, but tbe volume 
of current Is decreased; or, in other words, as tbe temperature in- 
creases the current volume usually decreasea, a greater volume of 
current being used at tbe beginning than at the end of tbe beat effect 
Tbe beat is confined to the metal between tbe laws, and a welding 
heat is reached so quickly that there is very little time for waste 
through radiation or conduction by adjacent cold metal; therefore 
practically all the heat is consumed in useful work, and tbe pieces, 
not having been heated except at the Joint, are not distorted, or even 
discolored. 

The electric resiBtance process ot welding and beating Is dla- 
tlngulsbed from all other processes by the tact that tbe heat Is gen- 
erated In the metal Itself, uniformly over the section, while by all 
other processes the contrary Is true; the heat Is applied to tbe ex- 
terior, and 1b conducted Into tbe Interior. Absolute control ot the 
beat 1b obtained; tbe pieces are heating in full view of tbe operator, 
and, it due to uneven contact of the pieces, rust, or scale at one or 
more points of contact, or other Irregularity, the pieces beat un- 
evenly, with a tendency to bum at one or more points, tbe heating 
effect can be instantly stopped until radiation reatorcB the beat equill- 
brlnm, when the beating can Instantly be resumed, and all danger 
of Haws avoided. Various degrees of temperature can be obtained 
and retained tor any length ot time. Usually no flux 1b required. 

AppUoatloDB ol tba Prooess 
This process is employed principally In the following classes of 
welding operatlouB: Butt welding, end to end; whole abutting sur- 
faces, ot nearly same cross^ectton, welded together; tee and angle 
welding, in the form ot a letter T or L; cross welding, In tbe formi 
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of an X; lap welding, overlapping and squeezing or maahtng together; 
seam welding, either by abutting, or overlapping the edges of sheet 
metal; spot welding, Instead ol riveting, practically one spot at a 
time; point welding, eurfacea In contact only at a raised point or 
muKlplicity of polata, at whlcA the current is confined, welding only 
at these polata, uaually In sheet metal; and ridge welding, where 
instead of a point, a ridge U employed, acrosa which a weld is made. 

The process Is especially well adapted to duplicate work where as 
large an output as posalble per operator Is required, and the wagon, 
carriage, automobile and bicycle industries, with tools, wire, pipe, 
tubing and a large line of mlscellaneoua and special work, provide 
the field for the process. It is particularly applicable to new work 
rather than to repairs, although some repair work Is done in iron and 
steel, bnt ttie process Is not applicable for tbe repair of broken or 
detective castings unless of aucb metals as brass of simple forms. 
Practically all metals can be welded, also all sorts of steel and many 
alloys, as wel! aa many combinations like carbon steel to mild steel, 
nickel and brass to platinum, cast steel to machine steel, malleable 
iron to steel and a great variety of other combinations. In the last 
few years there haa been a great development In the manufacture of 
sheet metal ' articles and electric spot welding has been found a 
much cheaper and better method than riveting, especially with the 
lighter gages of sheet 

Rust is an Insulator for low voltage and should be removed at those 
parts of the pieces which come In contact with the electrodes. In butt 
welding the two pieces, It ot the same metal, should have practically 
the same cross-section at the Joint, and when a larger piece Is to be 
welded to a smaller, the end ot the larger piece should be reduced to 
the section of the smaller for a length depending on the section or 
diameter. The upsetting of the ends together to make a butt weld 
causes the Joint to be enlarged, forming a burr, On or swelling; if 
objectionable, this can be removed under a press or hammer while the 
metal Is hot. or in thin flat stock, where there Is not enough heat to 
work, the light fln can be ground oil. 

Weldiiur B&chlnes 
The electric current transformer, the clamping device and the pres- 
sure device are tbe three necessary elements in an electric welding 
machine. Although It Is possible to give the transformer a different 
location from that of the two mechanical elements, It Is rarely done, 
the commercial welding machine employing all three elements in the 
same structure. There are. of course, many special departures from 
this general form. The mechanical and electrical controls may be 
operated by hand, by toot, or may be automatic and operated by 
power. For small work, like welding wire, spring pressure In form- 
ing the weld is usually employed, and clamping la done either by 
hand or by power; for metals like copper and brass a weight pressure 
is usually beat; for rounds and like sections up to % inch, hand 
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pressures are usually employed; for larger sections, hydraulic pres- 
sure or pressure obtained Uirough self-contained oil jacks Is used. 

Electric welding machines are necessarily more or less special In 
the construction ol theJr clamps and electrodes, no one machine being 
BUitable for a creat variety of sizes or forms ol work, and some are 
entirely special and suitable only for the work for which they are 
built Some are called semi-automatic, as when the operator's duty 
1b only the putting In and taking out of the pieces, while other ma- 
chines are entirely automatic, as regarda clamping, exerting pressure 
for welding, and controlling the current 

Power machines for spot welding are built with heating time- 
adjustments and regulation so that the machine can be set for tbe 
right speed and the correct time of heating required for varying thick- 
nesses and conditions of stock. They can be operated continuously 
or intermittently as nvesaary, so that the greatest amount of work 
which the operator can handle will be taken care of by the machine. 
Time and Current Eeaulred 

There is no process hy which heat can be delivered to metal so 
quickly as by the electric resistance method. In small wire a frac- 
tion of a second only Is required for welding, while with larger pieces 
proportionately more time Is required. Welds can be made either 
quickly or slowly, depending upon the amount or power available. It 
Is always desirable to have ample power so as to make the weld In 
the quickest possible time, as better results are usually obtained, and 
time and power are saved. A %-incb round can be welded with 
15 KW. In 15 seconds or with Z3 KW. In 6 seconds. Endless pieces 
like rings take more power, as the diameter decreases; copper and 
brass require more power and less time than steel or Iron of like 
section. 

The expense for current Is small, as It Is used only while the 
pieces are beating In the welding machine, which Is from one-quaiter 
to perhaps one-half of the time of the day's run. The welding ma- 
chine is always ready If the current la available, by simply closing 
a switch, and when the weld Is made the expense of consumption of 
energy Instantly stops. The output per day for any welder depends, 
of course, upon the size of the stock to be welded, the shape of the 
pieces, and the facilities for handling. In wire hoops, under the best 
conditions, 1000 welds can be made per hour, while In very heavy 
tires, 100 per hour would be a very good output 

Large volumes of current at low pressures are required, approxi- 
mately from 2000 to 50,000 amperes, at from 1 to 7 volts, being used 
for welding from M Inch to 3 inch round, or equivalent section. The 
pieces to be welded, when mounted on the terminals of the trans- 
former, complete an electric circuit, all parts of which, except the 
pieces to be welded, are adequate to carry this heavy current without 
heating excessively or without much loss of energy. The current 
depends on the section of the pieces and the speed of welding. 
, An alternating current wired rrom a single pliase, or from one 
phase of a multi-phase system Is the most convenient and is unl- ' 
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Tersally nsed. A current of any usual trequency can be employed, 
the weldlDK trftnformer being adapted for the conditions, 60 cycles 
generally being used, although welding machines are employed on 
circuits of 26 cycles and even on circuits as low aa 11^ and IE cycles. 
The pressure also may be any commercial voltage, 220 volts being 
commonly available, although welding machines are operated on 
circuits ranging from 104 volts to 550 volts. 

This current Is usually obtained from the local lighting and power 
company rather than from Individual generating plants, although tn 
cases of large electric weldilng Installations Individual generator 
equipments are used. In Installations of single welding machines, 
the current being used Intermittently, the actual kilowatt-hours con- 
sumed In a day's run are small and the expense of current so light 
that an individual generator Is not desirable. 

The welding machine being a machine with sell-inductlon, the 
power factor Is low, sometimes 50 per cent, varying according to 
conditions, but rarely higher than TO per cent. The nature of the 
load on the generator supplying the current la different from that 
of almost any other current consumer, except those using some forms 
of alternating-current motors, on account of the fact that when the 
circuit is closed through the breakswltch, the full amount of power 
required to make the weld Is Instantly thrown on tbe generator; and 
instead of building up from a minimum to a maximum, the maximum 
Is first demanded ot the generator. This necessarily creates some 
disturbance on the line. 

Btreamb ot Wslds 

When the visible surface of a piece (outside) reaches a welding 
beat the Interior is necessarily also at a welding heat: for this reason, 
a more uniform result and a greater percentage of good welds can be 
obtained, and at least as strong. If not a stronger weld can be made 
than by any other method. In general It may be said that In good 
open-hearth mild steel, almost, and in some cases, fully, the strength 
of the metal section Is obtained. Bessemer steel, being frequently 
higher in sulphur and phosphorus, cannot always be welded with 
auch good results. 

In high carbon steel the heat, is so distinctly localized and Its 
dissipation Is so fast when the current is withdrawn, that Just at 
either side of the weld tbe metal Is chilled and may be more or less 
brittle. To overcome this. It is the practice to reclamp with the 
electrodes wider apart, letting the current Sow through tbe brittle 
parts until they come to an annealing temperature. Reheating may 
be repeated when needed. A spot weld frequently Is much stronger 
than a rivet In very thin sheets the metal pulls away leaving a hole 
In one sheet with tbe metal of the weld adhering to the other sheet 

There Is an infinite variety of welding work which can be done by 
the electric resistance process, an interesting example of which Is the 
welding of rails for street railways, taking the direct current from 
the overhead trolley, transforming It to alternating current and 
welding plates across the Joint, making a practically continuous ralli ^ 
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ThtB work U being very extensively done In the large cities. An 
unusual method of making agricultural wheels conalats In assembling 
the spokes In the two halves of the hub and mastaiug them all to- 
gether at one operation in a welding machine. The welding of wire 
fabric used in wire fencing and for concrete reinforcing, for which, 
has been developed the only fully automatic electric welding ma- 
chine in existence, should also be mentioned; the strand wires and 
the stay wire are fed Into tbe machine and welded automatically at 
all Intersections. 

A more detailed review of the conditions relating to electric re- 
Blstajice welding was presented by Hr. A. E. Bucbenberg In Ma- 
CKiNEBi. In contemplating the practicability of using electric welding 
machines, says this writer, the principal questions that should be 
given serious consideration and be definitely determined by the manu- 
facturer, are as follows: 1. Tbe efflcleucy and reltabUlty ot electric 
welds. 2. The output ot machines In welds per hour. 3. Adaptabtltty 
of electric welding machines to his work and shop requirements. 
4. The cost of operation. 6. The initial cost of machines and such 
auxiliary apparatus as may be required. 

Tbe roUowltig pages will be devoted to a general discussion of 
electric butt welding as opposed to bracing and the ordinary torge 
method of lap welding, with particular reference to shop requirements. 

nmolancy and BellablUty ot Walds 

The manufacturer is not so much concerned with tbe fact that 
perfect welds can be made electrically, but more vitally interested In 
tbe efficiency, uniformity, and cost of tbe welds, that he may reason- 
ably expect on hia product and under hts shop conditiona In some 
classes of work there can be no allowance made tor even a very small 
per cent of breakage from imperfect work, and every weld must be 
a perfect molecular union over tbe entire area of the welding surfaces. 
As an example, we may take the case of the steering mechanism ot 
an automobile, where It Is found economical In machine work and 
stock to electrically weld the threaded steering head to the tubular 
stem. Under service conditions, this weld may at any Instant be 
called upon to withstand severe longitudinal and torsional stresses 
which can very nearly reach the ultimate safe strength of the tube's 
cross-section. The safety ot the occupants ot the car may depend 
upon the efficiency of this weld, and before adopting the electric 
process, tbe manufacturer must be convinced that the welds can be 
made under commercial conditions so that each and every one can 
be absolutely depended upon. 

There are many Instances where the electric weld, if reliable and 
practical, will reduce production costs very materially In eliminating 
expensive machine work and the present unavoidable waste ot stock. 
This is especially true where a great reduction In diameter Is required 
over a considerable length of a bar or rod. It then becomes convenient 
to weld a rod of one diameter to another of greater diameter which 
results In a saving both ot stock and the expensive machine work 
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which would otherwise be necessary to remove It. Where a cleTis or 
an eye Is required oa one or both ends of a rod, drop torglngs might 
be welded to a length of cold-rolled steel. A machine bolt In place 
of being turned from hexagon stock might be made of two pieces, the 
head — an automatic screw machine product— welded to round stock 
of the proper bolt diameter. Where large or complicated drop forg- 
ings are required and the Initial cost and upkeep of the dies would 
be high, the part might be made in two or more small drop forglngs 
welded together, and allow the use of simple and comparatively loex- 
pensive dies. From the few examples given, It will be plain that the 
aneatlon of reliability of electric welds may determine to a very great 
extent the shop production costs, assuming of course that tlie expense 
of making the welds la low. 

The quality of any weld, whether made by the blow torch method. 
the ordinary forge method — usually called a "Are weld" — or electrically, 
depends entirely upon the efficiency of the molecular union between 
the welding surfaces. With either the electric or the Are weld, the 
molecular attraction, or cohesion, la brought about by first heating 
the stock to a plastic seml-Buld condition and then forcing an in- 
timate surface contact between the two pieces by a succession of blows, 
as In the ordinary fire weld, or by the application of a heavy me- 
chanical pressure as In the electric process. The "scarf or lap of 
the fire weld Is a convenience for the application of the 'blows of the 
hammer while making the weld and In many cases Is a. requirement, 
as when welding surfaces equivalent la area to at least the cross- 
section ot the stock. With the electric process, no scarf or other 
preparation of the stock Is required, the two pieces to he welded being 
simply clamped la suitable Jaws or dies with their ends abutting, the 
welding pressure then being applied axially. 

The Elaatrlo W«icUii« UachinD 

The electric butt-welding machine which In some of Ita highly- 
developed special and automatic forms may be a very complicated 
piece of mechanical and electrical apparatus. Is a structure for flrst 
heating stock by means of an electric current and then exerting me- 
chanical pressure to force the welding surfaces together. 

The component parts of an electric hutt-welding machine In Its 
simplest form are as follows: 

1. A special type of transformer whose primary colls are connected 
to an alternating current-supply circuit and whose secondary winding 
delivers an output of very low voltage but heavy current. The trans- 
former may be operated from any alternating current single-phase 
circuit of standard voltage and commercial frequency. The usual 
lighting and power voltages are 110, 220, and 440 volts, while the 
frequency may be either 26 or 60 cycles. If necessary, the welding 
machine may be operated from a 133 cycle circuit Where polyphase 
alternating current Is used, the welding transformer can be connected 
Bcrosa one -phase of a two- or three-phase circuit. Fig. 1 shows In 
detail the construction of a typical welding transformer with the|c 
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connecting leads to the clamping dies attached to the secondary wind- 
ing. On account of the low voltage required, the secondary winding 
tn this Instance takes the form ol a solid copper casting extending 
through the laminated Iron core. It will be noted that the secondary 
leads are eacb made up of a large number of thin copper strips to 
afford the necessary flexibility for motion of the clamping dies. 

2. Two copper clamping dies and supports In which the stock to 
be welded Is securely held to afford good electrical contact and to 
prevent ahiltlng and displacement of the work under end pressure. 




Tlf. 1. Trpliil Tiuafonnu fo 



The dies and eupports are capable of a limited movement toward and 
away trocb each other In suitable guides. In the machine as ordi- 
narily constructed, the left-hand die la stationary but capable of ad- 
justment, while the rlgfit-hand support is movable and connected to 
the compression mechanism. Each die and support Is connected to 
one of the flexible secondary leads of the welding transformer. 

3. To afford the heavy mechanical pressure necessary to be exerted 
at the proper time to force the heated abutting ends of the stock 
together to form the weld, a number of different arrangements are 
made use of. The compression mechanism used on a particular 
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chine win depend to a great extent upon the slse of the stock to be 
welded. For the emaller work, a eprlng or simple toggle lever is used, 
and tar heavier stock, gears operated b; a pilot wheel or a hand- 
operated double-acting hydraulic Jack, 

Machines for heavy work are seldom made automatic Id their 
operation, since the question of large output per hour is not so im- 
portant, and It Is not always poaslble to supplant human Judgment 
and skill with mechanical automatic devices. 

Fig. 2 shows a simple form of the Toledo Electric Welding Co.'b 
machines for welding straight rods or tubes. The clamping dies A 
are fitted to the work they are to hold, and are mounted on the slid- 
ing supports B and B,. The supports are mounted on guides shown 
at 0. The clamping dies are operated to grip the stock D by means 
of the clamping levers E. The left-hand head B is stationary while 
welds are being made, but It can be adjusted for position by means 
of the shoulderecrew P. The compression toggle lever O is con- 
nected to the right-hand head Bu by links as shown at H. The weld- 
ing transformer / can be seen through the opening In the side plate 
of the machine. The foot switch for closing and opening the current 
through the primary colls of the transformer Is ehown at K, 

Operation of an Electric Welding' Machine 
The several steps In the operation of the machine when making a 
butt weld are as follows. Two pieces of stock are clamped In the dies 
with the surfaces to be welded opposed and abutting, the dies being 
separated from each other a short distance to allow a converging mo- 
tion for compressing the stock at the proper time. A switch coonect- 
iDg the primary colls of the welding transformer to the supply circuit, 
and which may be hand- or foot-operated, as convenience may dictate, 
Is closed. The Induced secondary current of the transformer now 
flows through the heavy flexible connecting leads, through the clamp- 
ing supports and dies Into the stock to be welded, and across the 
abutting surfaces. The junction of the welding stock is the point 
of highest electrical reaistasce In the entire transformer secondary 
circuit, which Is made up of the secondary winding, connecting leads, 
clamping supports and dies, and the small projection of stock over 
each clamping die. The design of the transformer, secondary leads, 
clamping supports, dies, etc., makes their combined resistance very 
small as compared to the contact resistance at the point of weld. 
In conformity to the laws governing the heating of conductors carry- 
log electric currents, practically all the heating will be conllned to 
this point. In other words, nearly all the electrical energy taken from 
the supply circuit will be concentrated In this one location In the form 
of heat 

The secondary voltage of the transformer Is so designed that the 
volume of secondary current forced through the junction of the two 
pieces of stock will produce a welding temperature at this point In a 
certain predetermined time. The actual secondary voltage required 
will depend upon the cross-section of the material to be welded, and 
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whether the stock Is Iron, steel, brass, copper, or aluminum. The 
voltage varies between one and seven volts. 

A voltage regulator of the Inductive or "choking" type is usually 
supplied with each welding machine. This regulator Is an auxiliary 
piece of apparatus connected In circuit with the translormer primary 
coils, and by means of which the secondary voltage can be readily 
adjusted through a wide range to afford the beat operating conditions 
on varying kinda and sizes of stock. 

At the Instant a welding temperature has been reached, the switch 
is opened and the stock quickly compressed under heavy pressure to 
form the weld. A small amount of seml-Quld material is displaced 
under the pressure and thrown out all around the stock at the point 
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of weld In the form of a flu or burr. When pecessary, this surplus 
metal can be removed by grinding or chipping, or It can be reduced 
under a power press to the stock dimensions. 

OondlCi<aM Maooaomy lor Perfect Wald 
The primary conditions necessary to make a perfect weld between 
similar or dissimilar weldable metale are as follows: 

1. The welding surfaces must be clean. 

2. Each of the two pieces to be united must be at Its particular 
welding temperature. The entire surfaces to be welded must be at 
this temperature, or In other words, the heat distribution must be 
uniform. 

3. Repeated blows or a heavy continuous pressure must be applied 
while' the welding surfaces are each at the proper heat. In order to 
form an Intimate union between the two pieces of stock. 
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In the following are taken up In detail some ol the more Important 
conditions as they exist In the operation of an electric welding ma- 
chine and In the fire method at lap welding: 

Conditions of Weldlns SurfaoMi 

The primary requisite, that the welding eurtaces of the stock most 
be clean, is fully met in the electric process. Furthermore, the abut- 
ting welding surfaces sre practically excluded from the air while 
being heated, and with the short time required to bring up the tem- 
perature, little or no oxidation can take place; for this reaaon, no 
flux of any description Is required eren on brass, copper, and alumi' 
num. With the fire process, the welding surfaces are exposed to the 
action of Impurities, particularly surphur In the coal, or the products 
cif combustion In an oil or gas flame. Under these conditions and the 
length of time required to heat the stock, the use o( a flux as a pro- 
tective coTerlng against oxidation over the welding surfaces, be- 
comes an absolute necessttr. 

HeMtnir 

In the case of the electric weld, the heating begins In the Interior 
of the stock and travels out toward the surfaces so that every particle 
of metal at the point of weld Is at a uniform t«nperature. This 
condition is automatically attained, since the flow of current will 
always be greatest through the path of least resistance. If, on ac- 
count of varying surface contact resistance, one part of the stock 
should heat up more rapidly than another, the increased resistance 
due to the higher temperature would automatically shunt a greater 
portion of the total current through the cooler part of the stock which 
Is of lower resistance. This action, in combination with heat con- 
duction, would result in an even temperature throughout the stock 
at the point of weld. 

The heating action is concentrated at the Junction o( the two 
pieces to be welded, as the time ol current flow Is so short that the 
heat travels hack but a short distance each side ol the weld by con- 
duction. There Is no scaling or pitting due to surface osldatloa, 
and the beat discoloration of the material in the case of round stock 
Is seldom visible on each side of the weld for a distance greater 
than the diameter of the stock. All the heat Is concentrated where 
needed, and there Is no waxte of energy or fuel In the useless heating 
of a considerable length of stock on each side of the weld. 

The work Is always in plain view of the operator who Is able to 
Judge to a nicety the instant at which the proper welding temperature 
for any particular grade of etoek is reached. This la an Important 
factor in obtaining perfect welds between materials of widely varying 
chemical and physical properties, where the proper welding tempera- 
ture for each material may be at wide variance. Specific Instances 
are the welding ot cold-rolled steel rods to drop torgings or the weld- 
ing of steel stems to brass bolt heads. 

With the fire weld the heat Is, of course, applied to the surface 
of the stock and the interior Is heated by conduction only. With an 
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Intense Bre and under conditions of rapid shop prodnctlon, tbe outer 
surface, and especially the thinner edges of Irregrular eectlons, mej 
easily be at a blgher temperature than the heavier section. This 
condition may, and unfortunately often does, result in imperfect welds. 
It is particularly noticeable on lap welds. 

Wltb a flre weld using oil, gas or coal as fuel, a considerable length 
of the stock Is brought to a high temperature. There Is always more 
or lees scaling and pitting of the stock owing to the length of time 
required for heating, during which time the surface of the stock is 
exposed to the oxidizing action of tbe air. It Is a practical Impos- 
sibility to forge-weld brass and other alloys of copper as the com- 
ponent metala of low fusing point will volatilize before the copper 
lias reached a welding temperature. The stock Is buried under a 
cover of coal or partly hidden In the flames of a gas or oil flre so 
that it is difficult to Judge the temperature without uncovering the 
stock or removing it from the flre. The result is that the stock Is, 
in many cases, underheated or overheated, the consequence in either 
case being an Imperfect weld. When the output of welde per day is 
large, a very considerable saving of stock is effected by using electric 
wading machines, since the amount of stock wasted in the upset 
or fln Is much less than the stock required for the overlap and scarf 
for a flre weld. 

There is no danger from an electric shock to the operator of tbe 
machine since the primary colls of the transformer are heavily in- 
sulated, and the possible voltage to which the operator la subjected 
is no more than that of the ordinary door bell battery, and so slight 
that it cannot be felt under any conditions. 
Output of Uaohlnes 

The output, say in welds per hour, of any machine, will be de- 
termined by both the electrical and mechanical design. With auto- 
matic machines desigsed for a particular piece at work on light stock, 
the output Is large. As an example, a machine for welding wire barrel 
hoops will take the wire from fhe reel, cut it into the proper lengths, 
and deliver the welded hoops at a rate of approximately 660 per hour. 
In the case of a hand-operated machine, the output will be deter- 
mined by the mechanical design of the clamping dies and compression 
mechanism, the time required to heat the stock, and the facility with 
which the stock can be Inserted In and removed from the machine as 
determined by Its general shape and welding cross-section. Fig. 3 
illustrates a hand-operated machine whose output on straight stock 
with a welding area equivalent to the cross-section of ^-Inch round 
stock, will be approximately £50 welds per hour. As a general rule, 
the larger the stock, the smaller will be tbe machine output, both on 
account of the longer time required for heating and the greater length 
of time required to handle the heavier stock. 

Adaptability of Electric WeldlnB- Machines 

Except In the case of a welder especially designed for one particular 
piece of work, quite a range In the shape and size of stock can be 
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handled by one machine. A welder equipped with a voltage regulator 
can be adjusted to weld stock much smaller tn sectional area than 
the rated capactt;. As an example, a welder whose maximum capacity 
1b one Inch round stock, or an equivalent croas-sectlonal area tn an 
Irregular section, will, with a proper adjustment of the regulator, weld 
one^uarter Inch round stock. However, as a commercial proposttton. 
It is not good practice to weld very small stock on a large machine, 
as all the working parts are necessarily heavy and cumbersome on 
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light work. For tlits reason the output would naturally be less than 
with a smaller, lighter, and more easily operated machine. Usually 
a change In the size of stock to be welded occupies only a few momenta' 
time to change the clamping dies to conform to the new stock, and 
make the proper adjustment of the voltage regulator. 

Prom the standpoint of maximum output, an Important consid- 
eration In the selection of a welding machine Is the facility with 
which the stock can be placed in the clamping dies, and the proper 
arrangement of Jigs (or accurate alignment of the work. Welders arel^- 



20 No. 127— ELECTRIC WELDING 

now designed tn standard forme tor different general clasees of work, 
and a machine whose welding capacity la ample for a particular piece 
of work, migbt be entirely unaultAble for economical production on 
account of the mechanical design. For Instance, a machine designed 
for welding straight bars or rods would be impractical for taking care 
of such worii aa vehicle daah frames; these require a special machine 
designed bo that the frame may be swung Into several positions. 
OoM of Oparation 

The operating cost will depend upon the else and material of the 
stock to be welded, upon the cost of the current, and the number 
of welde madfe No current is used while the stock is being inserted 
into the clamping dies of the machine, or while being removed after 
the weld ie completed. The amount of electrical energy required will 
depend upon the kind and shape of the material, and its crosa-Bectlonal 
area. The actual cost of operation is very low as Is Indicated in the 
following table, which gives the time and kilowatts per weld required 
for a number of sizes of Iron or steel stock. The tabulated cost per 
1000 welds la based upon a unit current cost of one cent per kilowatt 
honr. The actual cost In any particular Instance can be determined 
by multiplying the cost per 1000 welds as given in the last column 
of the table by the price of current per kilowatt hour at that locality. 
The costs given do not Include the time of the operator. 
Initial Coat ot UaOhlnaa 

The first cost ol a welding machine will depend to a great extent 
upon the sectional area of the stock to be .handled, and whether the 
material Is Iron, steel, brass, aluminum, or copper. The higher the 
electrical conductivity ot the metal, the greater the amount ot cur- 
rent required to raise it to a welding temperature in a given time, 
and the larger the welding transformer required. The coat ot the 
machine will also be governed to some extent by the shape of the 
section of the stock quite independently of the actual sectional area. 
Heavier and more expensive clamping dies will be required to weld 
stock K X 6 inches than would be required tor the same area of metal 
In the form of round atock. In the case Just given, special mechanism 
must be uesd la connection with the clamping jaws in order to obtain 
an equal distribution of current along the abutting edges at the stock. 
Where a great output In the number ot welds per hour is demanded, 
automatic or semi-automatic features become necessary and the cost 
of the machine Is materially increaaed. Machines built for special 
work or to meet extraordinary conditions are, of course, much more 
expensive than standard stock machines. Up to sectional areas equiva- 
lent to %-lnch round stock, machines are usually operated by means 
of a simple hand toggle lever. Prom %-inch to 1-inch round, a hand- 
wheel operating through gears may be used. For larger stock It 
becomes necessary to resort to a special double-acting hydraulic Jack. 

From the foregoing It will be seen that the first cost will be gov- 
erned by else and kind ot stock, shape ot the parts to be welded, and 
the capacity of the machine in welds per hour. 
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While a welding machine, especially the smaller sizes, can be 
connected directly to the circuit BUppljlng light or power to the shop, 
It fs usually better, on account of the line disturbances set up by the 
Intermittent Inductive load, to Install a separate transformer to supply 
the welder only. This transformer Is usually furnished by the local 
power and lighting company. Where alternating current Is not aTall- 
able, a small alternator driven from the line shafting can be Installed 
to operate the welder, 

Weldlns ol Dtselmllar Metals 

A valuable feature of the resistance process of electric welding Is 
that dlsElmllar metato can be perfectly joined. This possibility per- 
mits combination of metals best suited to the conditions of use to 
he made, as well as very substantial economies in the use of high- 
priced materials. 

As examples of what can he done In the welding of dissimilar metals 
may be mentioned a number of products regularly made for the 
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market. Poppet exhaust valves for high-speed gas engines are made 
with a carhon-ffteel stem electrically, welded to a nickel-steel head. 
By making the head of nickel steel, or some other alloy steel suited 
for the purpose, the very best metal Is put Into the head of the valve, 
which part Is subjected to the hardest usage. Nickel steel fs peculiarly 
suited to the trying conditions surrounding gas engine exhaust valves, 
because it does not pit, warp or corrode as does common steel In 
such a situation. It is also much tougher and Is not apt to break 
because of the hammering it receives. On the other band, the stem 
made ol carbon steel stands the wear In the guide better than would 
a nickel-steel stem. It Is also stlffer and can be hardened on the 
end. This latter condition Is of considerable Importance, because a 
high-nickel steel cannot be properly hardened to withstand the hard 
blows of the valve meidtanlsm. Another Important advantage of the, 
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comblQatlon 1h the aavlng of the high-priced metal and the obvlouB 
saving of labor over that required for making and macblnlng a 
forging. 

Cap-Bcrews are made with brass heads and steel bodies. Such screws 
are fifty per cent stronger than would be screws made entirely from 
braes. This combination is made tor use In places where an orna- 
mental finish Is required, but where the bead only shows and a brass 
body is of no advantage. 

Other valuable combinations of dissimilar metals could be men- 
tioned, but the foregoing will serve to Illustrate the advantage of 
electric welding In this line. One claim made for electric welded all- 
Bteel bolU and screws Is that they are stronger than when made by 
the ordinary methods. The reason la that the die-drawn surface of 
the stock is retained on the body, this portion of the body being much 
stronger than the center which la left when the bar Is turned down 
to the body size from the bead size. This fact Is Indicated by tests 
made of electric welded cap-screws and cap-screws made by twelve 
makers, from ordinary stock. The tests show that the average tensile 
strength of % to 1^ inch electric welded cap-screw a was 9T,S62 
pounds per square Inch, while the average of the ordinary Stock 
screws was only 58,570 pounds per square inch. The difference In 
favor of the electrically welded screw Is thus 73 per cent. 

Blectrlo Weldlns' of Copper. Brass and Aluminum 
The welding of brass, bronze and other alloys of copper Is almost 
Impossible as a forging operation. The fusing points of the several 
alloy metals are considerably below that of copper, and It becomes 
a very difficult matter to prevent the oxidation of tbeae metals be- 
fore the copper component has reached a welding temperature. While 
it Is possible to weld copper and aluminum In the same manner as 
iron or steel by the forging method, the work Is more or less difficult 
and requires a careful and skilled operator. Some ol the difficulties 
In welding are as follows: While the metal is at or near the welding 
heat and exposed to the air, a very rapid surface oxidation takes 
place, and the oxide or scale formed is extremely difficult to treat 
with any flux. The range of temperature between the heated plastic 
or welding condition and the fusing point of the material Is very 
small. To add to the difficulties the metal becomes brittle as the 
temperature approaches the welding heat 

While aluminum reaches a welding heat at a temperature consid- 
erably below that of copper. It Is also subject to a serious surface 
oxidation when exposed to the air at high temperatures. The range 
of temperature between the welding and fusing points of aluminum 
is only about 180 degrees P. If overheated It will simply spatter 
away under the hammer when attempt to make a weld Is made. 

The principle for the electric welding of copper, brass and alumi- 
num is the same as for Iron or steel, as already explained, vie., forcing 
the two welding surfaces Into intimate contact while each la In « 
heated plastic condition. ,-. , 
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The time required to electrically weld copper, alumlDum and copper 
alloys depends to a very great exteot upon the croBa-eectloa of the 
Block, and varies trom one second or less oa very Bmall stock to a 
minute or more on the larger sizes. The time limits between which 
stock at any given cross-eectloD can be successfully welded are com- 
paratively wide and governed In both directions by the volume of 
the heating current through the point of weld. If the current Is low, , 
the temperature rises more slowly at the point of the weld, and the 
heat travels back a considerable distance on each piece by conduction 
before the surfaces to be welded reach the required temperature. Under 
these conditions the fln or upset becomes quite large and entails too 
much expense In grinding to remove It. In the extreme case of in- 
sufflclent current the l;eat Is carried away from the point of the weld 
by conduction to the copper dies and by direct radiation to the air bo 
rapidly that a welding temperature cannot be aittalned. If the Tolume 
of current Is too great a very rapid heating of the stock takes place 
and trouble Is experienced due to the fusing and oxidation at the 
point at weld which occurs more rapidly than the pressure can follow 
up the softening of the metal, and the excessively heated stock "spat- 
ters." Although the heating current Is automatically cut off at the 
Instant the forward motion of the die begins, the oxide coating on the 
end surfaces prevents a molecular union and a perfect weld. In other 
words, the stock Is burned. 

The heating current must be adjusted between the two extremes 
given above to a point where It li Intense enough to bring the stock 
to a welding temperature, yet not so great a.s to cause an excessive 
heating and a "blowing out" of the weld. The correct adjustment Is 
not a difficult matter, and is attained by varying the voltage impressed 
upon the primary colls of the transformer In one of two ways. 

If the electric welder Is operated by an alternator carrying this 
machine only, the voltage of the alternator (which In this case Is 
the same as the primary voltage of the transformer) can be 'varied 
by a manipulation of the alternator rheostats. 

Again, when the electric welder Is operated from a circuit the 
voltage of which must be maintained at a constant value, such as a 
power circuit from which other welders or motors are being operated, 
an inductive regulator Is used as an auxiliary apparatus to the weld- 
ing machine. The action of such a regulator is simply that of a 
variable choke coil, and any desired voltage can be obtained across 
the primary terminals of each welding transformer by a proper ad- 
justment of the regulator. 

A skilled or experienced man Is not required for 'operating an 
electric welding machine, as the only duties of the operator consist 
In clamping the work in the dies of the machine and closing the 
switch. For this reason It Is customary to use boys on this work. 
Many machines for light work are now made automatic In their 
operation, requiring no attention beyond feeding In the stock to be 
welded. 

Uniform and perfect molecular union Is obtained with thts proems, 
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since the heating of the stock le from within outward and the entire 
areas of the welding surfaces are at the same temperature. The 
strength of tlie weld is practically equivalent to the strength of an^ 
other flection of the stock of equal area and will withstand any sub- 
sequent bending, rolling, hammering, or drawing process to which 
It may be subjected. 

The difficulties encountered In the forging process due to the oxide 
surface Alms farmed at high temperatures are not present In the 
electric process. During the extremely short heating period the 
welding surfaces are in contact and practically excluded from the 
air. P^irthermore, the heating action ceases the Instant the welding 
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temperature has been reached, and the heat extends to but a very 
small distance on each side of the weld. It Is obvious that with a 
continuously applied pressure which instantly compresses the stock 
to form a weld when the proper temperature has been reached, the 
difficulty experienced in other processes due to the small range of 
temperature from the plastic to the fused state of the metals is over- 
come. 

The electric welding of copper, brass and aluminum Is a very rapid 
operation and entirely free from noise, dirt and smoke. The machine 
can be located in any convenient position In the shop and le free from 
danger of electrical shocks to the operator. The motion of the mov- 
able die can be adjusted for both the forward and backward travd 
so that all welds are to gage. This is an important oonslderatlon 
when, tor example, many thousands of rings must each be welded 
to an exact diameter. 

The cost of electric welding is low as compared to other methods. 
Herewith is given a table for copper showing the kilowatts and time 
required to make a weld from the time of closing the switch. Also 
the cost per 1,000 welds at a unit basis of current cost of one cent 
per kilowatt-hour. To arrive at the actual cost of the current per 
1,000 welds It is only necessary to multiply the cost given In the table 
by the price for current per kilowatt-hour In any given locality. 
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POINT AND RIDOE METHOD OF BLBCTRIO WBLDING' 

The electric welding process, which from a commercial atandpolnt 
Is comparatively new, has revolutionized many manufacturing; meth- 
ods, owing to Ita efficiency, pBrticularly on that class ol work which 
must be produced In large quantities and at a minimum cost. The 
extent, however, to which this method of welding metals la now 
employed, Is no doubt very limited, in comparison with the number 
of manufacturing operations which could advantageoualy be performed 
by the electric procesa of welding. Thia is largely due to the fact 
that the art is little understood, particularly as regards the variety 
or range of work which can be efficiently welded electrically. 

Various types of electric welding machlnea have been placed on 
the market by the Universal Electric Welding Co. One ot the ma' 
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chines handled by this company is made to be fastened on a bench 
and operated by a tiand lerer. This same machine can be fitted to a 
atand and operated either by band or by foot power, and can also 
be belt-driven and made to work automatically. It is particularly 
adapted for "electrode" welding, commonly called "spot welding." It 
la conatructed with long projecting horns made as deep as three feet 
and with varying capacities to weld from the lightest gages up to 
U-fncb sheets. The generally accepted idea that spot welding Is 
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practical to only as hlgb as ^-inch thickneaa of sheet is fully dis- 
proved In the case of this machine. Pipe from 6 inches In diameter 
and up to 6 feet long can also be welded In machines of this type. 

Methods of WaldlnK 
For a number of years electric welding was confined to the butt 
welding of rods, tubes, etc, and later the "spot" welding of fiat stock 
by means of isolated welds of a. limited area was developed. The 
spot method opened up an entirely new field, which, as the result of 
still later improvements, has been extended until, at the present time, 
the electric welding method of uniting metals is adapted to a great 




variety of manufacturing operations. One method of making a "spot" 
weld 1b to use pointed copper dies or electrodes, which are brought 
Into contact with the work which is welded by the passage of a large 
volume of low-voltage current Another method Is to raise projections 
above the plane surface of the ports to be welded, which serve to 
concentrate or localize the current in order to heat the metal to the 
welding point; and a still further development consists in raiBlng 
ridges above the plane aurtacee, which, when crossed by correspond- 
ing ridges, give the same practical results as the raised points, with 
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the additional advantage of ease in asBemblIng the parte prior to 
welding. This Idea of using poinU or ridges in connecUon with 
electric welding has made it possible to weld, commercially, an almost 
uallmlted variety of work, as Is indicated by the accompanying illus- 
trations. In the spot electrode welding of Ilght-gage metals, a Blight 
Indentation is usually left in the surtace at the weld, but by a method 
I recently developed, this con- 
dition Is overcome, and the 
sheet can be left the lull 
thickness and finished o(t. 
By using this method there 
is practically no limit to the 
thickness which can be spot 
welded. This Is Indicated 
in Fig. 1, where two bars 
each % Inch thick have been 
spot welded together. The 
operation took about one 
minute. 

Pomt or Projectlan Weldlnir 
As mentioned, the welding 
ol sheet metal is not re- 
stricted to one spot at a 
time, for any reasonable 
number of welds can be 
made at one operation by 
the method known as 
"point" or "projection" weld- 
lug. In such welding, used, 
for example, for cooking 
utensils, sash pulleys, etc., 
the parts when stamped 
have small projections 
raised above the plane aur- 
lace of the metal, the height 
of the projection varying ac- 
cording to the gage of the 
material. This Is done dur- 
ing the operation of stamp- 
ing. When welding such 
Fi(. t. Tjp* of EiaotHo WtWat Huhina parts, properly shaped cop- 
«■ HuTT Work ^^^ electrodes are fitted to 

them. Each point acta as a resistance to the passage of the welding 
current The current divides itself among these points and by their 
resistance to its passage, each becomes a heated welding point. Pres- 
sure applied to the sottening metal completes all the welds simultane- 
ously. Fig. 2 shows a spout welded to a coltee pot at twenty-three 
distinct points. 



DiqitizeabyG00»^lc 



28 No. 127— ELECTRIC WELDING 

A marked distinction exists between the two methods ol "spot" 
ana "point" welding, as many cases occur when the spot method 
cannot be used, but the point method proves perfectly successful and 
commercial. Fig. 2 illustrates an antl-skid chain which Is an ex- 
cellent example. In making this chain the electrode method was 
first tried by the manufacturer. The point method was then ap- 
plied, raising points on both the body and the strap, and resulting 
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In a perfect weld. The output by the spot method was 600 per day 
of unsatisfactory welds; by the point method, 3000 good welds. 

Another excellent example Is that of the door knob shown In Pig. 2. 
The shank Is welded to the hollow knob by six distinct points. It Is 
impossible to weld this except by the point method. 

IBldire WeldlDff 

To facilitate the assembling of parts, a further improvement was 

made by the Introduction of so-called "ridge" welding. The result of 
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two ridgea crosalng la the same aa of two polota, and the operation ol 
maklDg the weld is Identically the same. Both point and ridge weld- 
ing permit the use of large flat blacks oI copper lor electrodes, the 
heat being localized by the points or ridges forming the welding apot 
In both these metboda the electrodes require very little attention except 
an occasional touch with a file over the surface, aa against continual 
shaping of small pointed electrodes. 

Tynes ot Weldlns MactUuea 
The machine used for point and ridge welding Is equipped with 
large copper electrodes instead ot the pointed type, and the c 
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concentrated at the points to be welded by the small raised projeottons. 
OS mentioned, instead of by reducing the area of the electrodes. With 
the large electrodes, sufficient curremt for welding heavy stock can be 
conducted without excessive beating and deterioration. A welding 
machine having tbese large electrodes is llluatrated In Fig. 3, which 
shows a standard type intended Cor general work. This machine may 
be eltber hand-operated, as shown, or may be made semi-automatic, 
belt-driven. When a great quantity of similar articles is to be made. 
special machines are usually built. The automatic aheave welder 
sbovn in Fig. 4 is used by the American Pulley Co.; it welds 15,000 
pulleya In ten hours. 

BKBmples ot IQeotrlo Weldlnir 
Pig. G Shows a aash pulley and housing which la an example of point 
welding. The pulley Is made In halves, one halt having an annular 
ridge and the otber, aix projections or raised points A. When the 
points ot one half are brought Into contact with the ridge on the other, 
the electric current, being concentrated, fuses itbe metal Instantly, and 
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six ttomogeneons point or spot welds are produced. These pulleys 
are welded on the automatic machine shown In Fig. 4. The housing B 
Is also made la two parta, each ot which is Joined to the base-plate by 
four point welds as shown. 

Another example of point welding Is shown at A ia Fig. 2, indicating 
how a spout 1b welded to a coffee pot, as already referred to. The "autl- 
Bkld" chain for automobiles shown at C, and also previously men- 
tioned, has the central Unit I welded as Indicated. The llnli: Is drop- 
forged with raised points at a and b which form the welds after the 
wings are bent over onto the central part. The strength of the point 




Tit. S. Euunpli 



weld Is Indicated by the sample shown at D. Aa attempt to tear the 
email pieces from the steel strip, resulted In shearing the metal around 
the weld, but In no case did the weld prove defective. 

Fig. G shows an example of ridge welding. This Is part of a go- 
cart frame. The stock from which the end pieces are mads has rldgea 
rolled In it as shown. The croea-bar a Is provided with two raised 
points at each end that come directly over the ridges, and the bar J> 
has concave ends thus giving contact points where the curved' edges 
rest on the ridges. Beneath this frame a number of small parts are 
shown that are prepared with projections ready for welding. The 
ridge method of welding Is also used for welding reinforced concrete 
frames, the ridges which form the points of contact being originally 
rolled In the stock. Generally apeaking, the ridge method Is prefer- 
able, owing to 'the greater facility In assembling parts prior to weld- 
ing; the ridges also stiffen and strengthen the material. The results 
obtained by the ridge method are, as far as the quality of the weld Is 
concerned, practically the same as when projections or points are 
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ELBOTRIO ABO WELDING 

Electric arc welding as a means of uniting metals — particularly Iron 
and steel — has been rapidly developed in the past lew years, and ap- 
paratus for doing this work la now a standard product with a number 
of manufacturing concerns. This process of welding Is particularly 
applicable to certain classes of work encountered In foundries, rail- 
road shops, tank and boiler shops, steet mills, locomotive shops, and 
shipyards; and the demand for welding apparatus from these sources 
is well established. In addition to the field covered by these Industries, 
where the use of this process has become more or less standardised, 
there are countless other lines of manufacture, each representing a 
great variety ol work to which arc welding la adapted. 

Various methods of using the arc for welding have been devised 
from time to time, the majority of which have met with Indifferent 
success. At the present day practically all welding, in this country 
at least. Is confined to the method in which an electrode and the object 
to be welded are connected in a simple electric circuit, and an arc of 
limited size is drawn between the two by bringing the electrode In 
contact with the work at the point at which the weld Is to be made. 
The size of the arc Is capable of adjustment to suit various classes and 
conditions of work. 

The Carbon Arc 

In practice there are two methods of applying this process to the 
making of welds and the cutting of metals. In the flrat, which makes 
use of the carbon arc, a rod of graphite forms the electrode; and the 
arc drawn between this rod and the work heats the latter to the point 
of fusion. This method is used for cutting or burning off metal, and 
is the simplest application of the arc. Its principal use Is for reducing 
scrap material to sizes capable of being easily handled, and in foun- 
dries for cutting risers and flns from large castings. By extending 
this process of fusion and Introducing pieces of metal within the in- 
fluence ol the arc, actual welding or building up of the work is ac- 
complished. The metal supplied, which may be either In the form of 
small pieces of scrap material or a rod held In the operator's hand, 
Is fused and unites with that part Of the work already raised to a 
molten state by the heat of the arc, forming a solid mass of even 
structure upon cooling. 

The principal fleld for the use of the carbon arc is in foundries and 
steel mills, for the repair of broken and Imperfect castings of large 
size. The loss from this source, which is always high, can be reduced 
to a very small percentage, as castings containing blow-holes, cracks, 
shorts, etc., can readily be repaired with a small expenditure for 
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material and labor. For all work of this nature In which the carbon 
arc Is used, comparatively heavy currents are required, ranginK from' 
300 to 600 amperes. Owins to the ability to use tbeee heavy currents, 
and to apply the heat quickly and concentrate It at the required point, 
the heat generated at any particular point is very Intense and the 
process of cutting or welding becomes a very rapid one. 
The ^J*tji-itirt Arc 

The second method In this process of welding makes use of a 
metallic electrode — usually of a. soft grade of Iron or steel — which 
during the operation of welding Is fused by the heat of the arc and 
carried over In the form of small globules that are deposited at the 
point on the work from which the arc rleee. The work Itself is raised 
to a state of Incandescence at this point, and the fused metal unites 
with it aa it flows from the electrode. The operation of welding by 
this method is very rapid, aa the fusing of the electrode Is contlmtous 
after the arc ia started, the drops of mohen metal following each other 
In close succession. This method is extensively used In all clasoes of 
repair and reclamation work, such as filling in cracks of broken cast- 
ings, building up the worn parts of rolls and rails, repairing cracks in 
boilers, patching locomotive flrehoxes, and In many industries as a 
manufacturing means In the process of getting out the flnlshed product. 
Examples of this latter use are the welding of heads and branches to 
tanks, Joining the seams of tanks and boilers, welding fireboxes, fiue 
sheets, holler tubes, etc., and all classes of pipe and sheet metal work. 

The current required for the metallic arc la small compared with 
that used In connection with the carbon arc, rarely exceeding 175 
amperes for the heavier classes of work Just described, and ranging 
from this down to as low as from 12 to 15 aiaperes for thin sheet 
metal work. The size of the electrode used also varies with the 
nature of the work and current required, the average being from 3/32 
to % Inch In diameter. That it Is necessary In ever; case to have a 
proper relation between the current strength and the size ol the elec- 
trode can be seen, when It Is considered that the heat of the arc must 
be sufflclent to raise a spot on the work to the point of fusion, in order 
that there may be actual union at the metal from the electrode with 
the work. If this condition ol right temperature does not obtain, 
there will be an imperfect union ol the oncoming metal wHb the work, 
and a poor weld will be the result On the other hand, II the metal Is 
overheated there Is danger of burning It Oxidation also takes place 
more rapidly, thus impairing the weld, and heavier beating and cool-, 
Ing straln« are set up In the metal. The current must therefore, be' 
regulated to bring about the condition of a prcqter temperature rise In 
the work, and the size of the electrode should be selected to carry tbla 
current without danger of its being overheated and oxidized. On the 
other band, the aiie of the electrode must not be too large for the 
current used, as this will result in elow and imperfect fusion, and 
equally slow and unsatisfactory welds. 
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Combined Ub« at Arc 

In manr cases, and more particularly In repair work, It frequentlir 
twcomee neceseary to remove parts of the metal at the place where 
the weld Is to be made. For example, to widen out a crack In order 
that the metal from the electrode may be more readily deposited in 
it; or to cut out a burned, broken or worn spot tor the Insertion of 
new material. This operation of cutting la most readily performed 
by means ot the carbon arc. In such work, therefore, the alternate use 
of the carbon and metallic arcs becomes desirable and to meet this 
requlremen't, as well as to make the outQt as general In Its application 
as possible, means are usually provided whereby both classeB of weld- 
ing can be done from the same outfit This feature also makes pre- 
heating possible, by which means work of large section is raised in 
temperature by use of the carbon arc, before the welding la actually 
done. The operation of welding on the hot metal results in the strains 
being more evenly distributed, both during the process ol welding 
and when the work Is cooling off. Welds of greater strength are thus 
obtained, and the structure of the metal In the weld is more homo- 
geneous with that of the surrounding parts. 

DBB c rtption ol Apparatus 

The simplest possible outfit for welding would consist of a source 
of direct-current supply, an adjustable resistance for regulating the 
current, and an electrode holder. In practice, for reasons which will 
be explained later, the current U usually furnished by a low voltage 
generator which may be driven by a motor, engine or belt. In ad- 
dition, the outfit usually includes a swHchboard having on it the 
starting apparatus for the motor end of the outfit. If motor driven; 
the control and Indicating apparatus for the generator, consisting of 
a fleld regulator, voltmeter, and ammeter; and the regulating ap- 
paratus tor the arc circuit, consisting ot a set of current regulating 
switches with resistance, and usually some form of automatic switch 
or contactor. 

The generator should be compound wound In order that the voltage 
nay be maintained constant under varying load. The need for close 
voltage regulation will be found to be greatest In connection with the 
metallic arc, and to increase as the size of the arc and the amount of 
current used decreases. The smaller arcs will be found to be very 
senaltlve to even the slightest voltage variation, the direct result 
being an uneven deposit ot metal, and burnt welds In the case of 
very light work. With the carbon arc, where the current used Is gen- 
erally large and where a certain amount ot current regulation can be 
had by lengthening or shortening the arc, the need tor close voltage 
regulation Is not so great 

Of the resistance, a certain part Is In circuit with the arc at all 
times when working, this resistance causing the difference between 
the voltage drop In the arc and the terminal voltage ot the machine. 
It will vary with the amount of current required tor welding, and is 
adjusted by the current regulating switch. When no contactor is em- 
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ployed Id tbe arc circuit, tbe current at the time the arc is started is 
limited only hy the resistance in that circuit, which is the amount 
required Tor welding. This may he of low value, particularly when 
using a heavy cnrrent. There Is, therefore, danger of short-clrculting 
the generator until the arc is established and Its reeUtance Introduced 
into tbe circuit. The function of the contactor In the arc circuit la 
to cut out resistance after tbe arc ia establlBhed, leaving In the circuit 
for welding that amount previously determined from the current to be 
used. By this means the chance for short-circuit is removed, and the 
apparatus made more automatic In its operation. 

After the current is adjusted to give the size of arc needed, no 
further adjustment Is necessary and the arc may be drawn and broken 
at will, the automatic character of tbe apparatus always Insuring a 
return to normal conditions. By this means the operator is relieved 
of all concern as to current regulation, and his whole attention may 
be given to directing the arc over the work. The operation of welding 
by either of tbe methods described makes necessary the renewal of 
tbe electrode, though the rate at which the metallic electrode is con- 
sumed — owing to the fact that It constitutes the filling material — Is 
much more rapid than that of tbe graphite rod. To facilitate the act 
of renewal or of feeding down as it is consumed, tbe rod forming the 
electrode is secured to a holder by some form of clamp that readily 
permits of Its being released. The bolder Is designed to carry tbe 
current to the electrode with tbe least amount of heating of the oper- 

Owlng to the intense nature of the light and beat rays from tbe arc, 
tbe necessity for careful protection of tbe operator's hands, face and 
eyes 1b very Important This is particularly so in tbe case of the 
carbon arc, where the volume of light and heat is very great. Heavy 

gloves serve to protect the hands, while for tbe face, eome form of 
shield held In the band or supported from the bead Is generally used. 
This is provided with an opening fllled with several thicknesses of 
ruby or blue glass, which afford protection to the eyes and still permit 
of the welding operation being closely followed. 

Potential Beciulr«d tor Weldln« 
The potential which has been found to give tbe most satisfactory 
results for welding varies from 65 to 75 volts. A higher potential can, 
of course, be used, but as tbe drop In the arc rarely exceeds 65 volts, 
a potential In excess of this would have to be reduced by means of 
resistance in series with the arc. The wasteful effect of uelng a higher 
voltage, or of welding directly from shop or commercial circuits by 
means of resistance banks or water rbeostats can be seen. The bigber 
the voltage of the circuit from which welding is done, tbe greater the 
amount of resistance needed and tbe greater the energy loss due to this 
resistance. Assuming that 75 volts Is the maximum required for all 
cases of ordinary welding, if a 220 volt circuit Is used for this pur- 
pose, the efSclency Is seen to be approximately 33 per cent, while at GOO 
volts it is as low as 15 per cent It will also be found that when heavy 
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currentB — such as are required for welding — are taken directly from 
the line, serious voltage fluctuations will reBult, witb corresponding 
111 effects on the apparatus connected to the line. 

TiexibUltj' ot tbe B^mem 

Any number of operatore may weld from the same outfit, each work- 
ing Independently of the other and taking the amount of current re- 
quired for hlB own particular work, the aelf-regulatlng feature of the 
generator Insuring a constant voltage. All of the arc circuits may be 
taken from the one welding panel or they may be divided among 
several smaller panels, which may be located at various centers at 
which It may be desired to do welding, these panels being connected 
by leads through the shop to the main panel. The latter, in this case, 
would contain only the motor and generator control apparatus. This 
arrangement is particularly desirable In locomotive and railroad 
shops, where the majority of the work is of such a nature that It can- 
not be moved around conveniently for welding. For doing work ot 
this nature, the electrode holder la often fitted with leads of sufflcient 
length to allow the work to be reached. 

Welding can thue be done up to any distance Irom the outfit, the 
only limit being the allowable voltage drop In the lines to the work 
and the electrode. This, In turn, can be regulated to a certain extent 
by Increasing the size of the cable as the distance Increases. Beyond 
500 or 600 (eet, however, this method la hardly practicable for any 
work other than that which can be done witb the metallic electrode, 
as the size of the cable required for carbon work with Its large cur- 
rents would increase to such an extent that Its cost would be pro- 
hibitive and the handling of the cable exceedingly difficult To meet 
conditions of this character a coipplete portable outflt consisting ot 
generating and regulating apparatus, mounted on a truck that can be 
moved from place to place, Is moat appropriate. For land use the 
generator end of such an outflt Is usually motor driven, while for 
marine work steam-driven outfits mounted on barges afford the most 
convenient arrangement 

Special Features 

In connecting the work and the electrode In the welding circuit, 
the former should be connected to the positive side of the source of 
supply. There are two reasons for this, the first being that the posi- 
tive side of the arc is by far the hotter of the two. The point on the 
work under the action of the arc Is thus brought to the required fus- 
ing temperature In less time than If it were connected to the negative 
side of the circuit A better distribution of heat between the electrode 
and the work is also secured by this means, as the electrode which is 
usually of small mass compared witb the work should naturally be 
subjected to the leas amount of heat. But a more Important reaaon 
for this arrangement Is that when the electrode Is made positive the 
resulting arc is found to be very erratic and unstable, and Its control 
becomes practically Impossible. 
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It la not necesBary that the operation ol veldiag always take place 
In a downward direction. While work with the carbon arc ba.B to be 
done tn this position, due to the Sowing of the metal In the weld, the 
metallic arc can be used aa readily on vertical or overhead welds as 
on downward ones, the only difference being In the rate at whlcti the 
metal Is applied. Owing to the fact that In any position other than 
downward, the metal Is applied against the force of gravity, Its rate 
of flow from the electrode Is necessarily slower. This feature of being 
able to weld with the work in any position occasions a great saving 
in the amount of handling which would have to be done were it neces- 
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sary that all welding take place In a downward direction. The arc 
process of welding Is thus seen to be exceedingly fleilbte In its appli- 
cation, covering work of practically all classes and degrees of ac- 
cessibility, and this feature greatly facilitates the operation of weld- 
ing. Handling of the work is reduced to a minimum, and welds are 
made with an ease and despatch not approached by any other method. 
Cbaracter of 'Welds 
A large measure of the success attained by this process is accounted 
for hy the satisfactory character of the welds from the standpoint of 
ctHclency, By a proper selection of the grade of filling metal, and the 
exercise of care In making the weld. It Is possible to obtain a tensile 
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strength In the weld of from 96 to 97 per cent of that of the orlglQal 
section. Welds made under the average conditions of everyday work 
Bbow a tensile Btrensth of from 80 to 90 per cent of the metal. It Is 
poBslble by slightly reinforcing the welded section to make the strength 
of the weld even greater than that of the original section. This may 
be very desirable In many cases where a part has broken through hav- 
ing an undue strain put upon It. By a proper Increase of section at 
this point, a repetition of the break may be avoided. Welds made by 
this process present a neat and flnlshed appearance. With the metallic 
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arc, the filling metal added from the electrode can be deposited exactly 
where It Is wanted; and with the carbon arc. where the added material 
Is reduced to a molten state In the weld, it may be run at pleasure, 
extra material being added where needed and the surplus metal being 
fused down to the desired level. 

Bxamplea of Worlc Done by the Blectrio Arc 
The illastratlons in tbls chapter show examples of electric arc weld- 
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both tbe carbon and metallic arcs— with a considerable range of cur- 
rent — they do not In any way represent the complete poBalbilities of 
the process of arc welding and cutting. Fig. 1 shows an example of 
tank welding, In which the head, flange and branches of a tank 42 
Inches In diameter were welded with the metallic arc. The current 
required was approximately 165 amperee at 70 toUs. The flnlshed 
appearance of the welds and the necessity lor little subsequent trim- 
ming will be evident from this Illustration. 

An armature shaft that bad been turned too small at the spider fit 
is shown Id Fig. 2; to remedy this error metal was added by means 
of the metallic arc. thus Increasing the diameter sufficiently to provide 
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for reflnlshlng the fit to the required size. This was done with the 
metallic arc, using current of approximately 160 amperes. FIga. 3 and 
4 show tbe repair of a fractured mud ring of a locomotive flre-box. 
It will be seen that part of the throat sheet has been cut away in 
Fig. 3 In order to give access to the mud ring. The fractures in the 
corners are first opened up with the carbon arc preparatory to weld- 
ing, and after the weld is completed the sections of the throat sheet 
are replaced and welded as shown In Fig. 4. In this Illustration, it 
will be noticed that the weld on the right-hand side baa been dressed, 
while that on the left has not The latter shows the appearance of 
the weld Immediately after making a repair with the metallic arc. 
Figs. B and 6 show a broken casting of a wood planer before and after 
being repaired with the carbon arc. In cases of this kind the broken 
part is In use again In a short time, as the delay occasioned by having 
to replace It with a new casting is avoided. 
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OoM ot Weldiiur 

The cost of making welda by this procesa can beat be Illustrated by 
examples coTerlng operatlone of a common or familiar nature. The 
work capable o! being done bf arc welding 1b of aucb a varied char- 
acter that It Is not possible to give speclBc costs tor each and every 
case that may preaent Itself. The cost of generating current, the 
price paid for labor and the time required for doing any particular 
job will vary, and this will influence the cost of the weld. Of these 
three factors the first will be found to vary between the widest limits, 
the price of labor for the various claaaes of welding being fairly well 
atandardlzed, and the time required for making welds not varying 
greatly when expert welders are employed. The cost of producing the 
following welds Is figured on the basis ot labor at 30 cents per hour, 
and current at 2 cents per kilowatt hour, the voltage ia each case being 
approximately seventy. 

A broken shaft 2 inches In diameter was welded and ready tor 
reflnlahlng In one hour; the current used was 3S0 amperes and the 
total cost 79 cents. A crack In the back sheet of a locomotive boiler 
1£ Inches long was welded In nine hours, the current used was 175 
amperes and the total cost $4.90. The risers on steel casting, 4 by 4 
Inches In alze, were cut oO In four minutes; the current used was 3G0 
amperes and the total cost 5.2 cents. A cast-steel tender frame broken 
in three places waa welded In twenty-aeven hours; the current used 
was 300 amperes and the total cost $19.44. The Journals of a worn 
2-lnch armature shaft were built up In three hours; the current used 
was 165 amperes and the cost (1.69. As an example of atraight weld- 
ing on sheet-metal work, eeams on ^-Inch steel can be welded at the 
rate of from IE to 16 teet per hour, and on U-lnch ateel at the rate 
of from 12 to 13 feet per hour 

Any number of operators may work trom the same outSt up to its 
capacity. They may be doing dilTerent classes of work, and at any 
distance from the outfit up to limits fixed by the allowable voltage drop 
In the lines. This feature Is particularly eftective in those cases 
where the Job is large enough to permit of several operators working 
at one time. The low voltage used for welding precludes all chance of 
accident to the operator from contact with current-carrying parta of 
the apparatus. Welds made by the electric arc possess a degree ot 
strength only allghtly below that of the original section, and by rein- 
forcing thla can be increased to any desired amount They preaent a 
neat and finished appearance, are bomoseneous in structure and may 
be easily machined. From every standpoint they are of a highly satis- 
factory character. 
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The application of electricity la welding has been explained in the 
preceding chapters. As stated, there are two fundamenta! methods of 
welding In which the electric current is employed, i. e., the arc and 
resistance methods. The arc Is used to a limited extent for welding 
large broken parts and Its application la considered more economlcat 
than any other process, but the danger ot handling current at the high 
voltages that are necessary makes its scope limited. The other weld- 
ing process, as Invented and developed by Dr. Ellhu Thomson, consist« 
of causing a heavy current of electricity at a low voltage to flow 
through the abutting ende ot the pieces of metal to be welded. This 
heats the metal at the Joint to a welding temperature. 

What is true of welding Is also true of the ele'ctrlcal Holderlng 
process about to be described, as In both processes heat is developed 
by the same action, i. e., the passage of a large current of electricity 
through the Joint, This soldering process Is a mechanical one and 
In operation the i^paratus used IB not likely to give any more trouble 
than any simple machine will. The wear on the clamping Jaws makes 
it necessary to replace them periodically, but as they are compar- 
atively inexpensive and constitute the only replacement necessary, the 
operating expense Is very low. The amount ot the current used In 
optical framework averages 1 KW. hour per 1500 Joints. This cur- 
rent can be purchased from the local lighting company or a generator 
can be installed which would probably reduce the current expense. 

How the ProoesB la Oonduoted 
The general method of soldering consists of holding the pieces to be 
Joined by clamping Jaws with the ends of the work in firm contact A 
heavy current of electricity, regulated to heat the Joint sufflciently to 
melt the solder. Is next passed through the work. The solder. In the 
form of tape or wire. Is then applied to the Joint It flows in and 
around all parts heated to the proper temperature, as when using a 
gas flame, but an Important difference Is noted: the "life" or temper 
is retained in pieces that have been electrically soldered. Instead ol 
their being left In an annealed condition as when heated with a flame. 
One theoretical reason for this Is based on the fact that alternating 
current electricity travels on the surface ot a conductor, and so the 
core of the work does not heat to a temperature sufficient to become 
annealed. This condition Is illustrated in Fig. 1. The heat varies 
from a maximum at the Joint to the normal temperature of the ma- 
chine at the Jaws, and the heated section would take some such tonn 
as shown. As the length of the work that Is heated is relatively short, 
the distance between the clamps usually being twice the diameter ot 
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the work, the heat has not had time to run Into the work before the 
Joint Ib made and the current shut off. This Is shown hy the fact that 
two highly tempered wires soldered together by the electrical process 
offer the same resistance to being bent at say other point as at the 
Joint The yield point or bending strength of the metal Is practically 
as high as before heating. 

Ban«re ot Blectriosl Bolderlng- 
Practically all of the metals Buch as brass, copper, steel, German 
sllTer, gold, and silver can be soldered successfully In this way, and 
It Is without doubt the most economical method for a continuous run 
of work. There are no noxious fumes or smoke produced In making 
an electrically soldered Joint, and windows can be opened in warm 
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weather without affecting the' process In the least. The operator ts 
thus able to do a full day's work every day, Instead of experiencing 
the fatigue that la caused by breathing the carbonic acid gaa caused 
by the gaa flames. The joint la made almost instantly, the time re- 
quired to heat the Joint, apply the solder, and shut off the current 
being approximately from three to Ave seconds, depending on the 
cross-sect lonal area of the Joint. As the gripping Jaws ot the holders 
are made as large as possible, the heat Is drawn from the work almost 
the instant that the current Is shut off, allowing the work to be 
removed Immediately. 

Bxmmpl«8 ol BleotricaUy Soldered Optical Frames 
A few samples of parts of eyeglass frames Joined by this process are 
illustrated in Fig. 2. At the extreme right Is shown a "cable-temple" 
before and after the Joint is made. These cable ends are wound In 
a special machine and consist ol two colls, rigbt- and left-hand, one 
inside the other. The Inner coil is made of brass wire wound on 



■Ic 



42 No. 127— ELECTRIC WELDING 

Steel wire arbor and then swaged to a specified diameter. The outer 
coll 1b made of German silver, gold filled, or any other stock tlist Is 
desired, and It ia pushed over the Inner coll. After the assembled 
cable Is soldered to the "temple," which la a solid wire with the center 
reduced, It is swaged to the final finished diameter. This leaves a 
very smooth and fiexlble ear-piece, and at the same time a stiff con- 
nection to the leas-boldera. The soldering of the brass-German-sllver 
cables caused some trouble through the brass fusing before the German 
silver would heat enough to fiow the solder, taut this was stopped by 
using a larger wire In making the secondary coil of the transformer. 
Two specimens of "nose-pieces" soldered to "eyes" are shown to the 
left of the cable-temples. These eyes are formed by rolling a round 
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wire to form a groove In It; they are then wound on an arbor and 
sawed apart. The end-pieces are sawed, assembled and peened In one 
machine, and they were formerly soldered by gas. Previous to solder- 
ing the "bridges" on by electricity, a long space was annealed on the 
eyes. This made a joint that could be easily bent, and various methods 
of striking In dies were resorted to In order to get back some of the 
tentper. In all cases of soldering by electricity, the eye wire le left 
with nearly all of the original temper. Another eye with studs at- 
tached la shown encircling samples of "straps," "studs" and "end 
pieces" before and after assembling and soldering, and to the left of 
this eye are shown different forms ol bridges and nose-pieces with 
straps, before and after soldering. Such parts that have about the 
same cross-sectional area at the Joint, are very easily handled. 
The UtlUeatloii of Hltrb Voltage Altemstlns Current 
In the process of electrical soldering, alternating current is invari- 
ably used, although there is no fundamental reason why direct current 
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can Dot be employed. For mechanical and economical reasone, ho-w- 
ever, direct current la not to be considered. To make this clear, sup- 
pose a Joint having a crosB«ectlonal area of 0,126 square Inch re- 
quires a current of 130 amperes at 3 volts to h«at It properly, and 
that an ordinary plating dynamo rated at these flgures Is used to 
furnish the current It will be noticed that the work heats practically 
solid from Jaw to Jaw. Then suppose a Joint having a croas-sectlonal 
area of one-half the Qrat one, or 0.063 square Inch, la to be heated by 
the same dynamo, A suitable resistance must be Interposed in order 
to reduce the current to a point where the Joint will heat properly 
without melting. This resistance will use current as though It were 
doing useful work and the small Joint will cost practically the same 
as the large one, as regards the amount of power consumed. On the 
other hand. It Is claimed that the heating action of alternating cur- 
rent Is more uniform, as It Sows more on the surface; the heat Is thus 
more Intense on the surface and Is evenly conducted to the core of the 
pieces, offsetting ttie eSect of radiation and couductaDce. 

The current used for electrical soldering should be a single phase 
alternating current of any frequency between 40 and 60. A higher 
frequency could be used, but It Is not good practice for various 
reasons. A step-down transformer of the BhelI<!ore type Is preferably 
used to reduce the 110 or 220 volt feed pressure down to the 1% to 6 
volts required at the machine Jaws. It has been found that a pressure 
of from 1% to 6 volts la sufficient for all optical frame work, and 
from 75 to 600 amperes of current la consumed. The use of a large 
transformer tor small work Is wasteful, as, although the current can 
be regulated as desired without much loss of energy, the work heats 
much more slowly than when a transformer at the proper capacity 
Is used. The machine transformer Is usually connected In series with 
a single phase generator, but It may also be connected to one phase ot 
a polyphase circuit or to either phase of a two phase generator. 
Tha Tranalanner 

The transformer Is made by winding a coll of very large insulated 
copper wire around a core built up ot Iron sheets cut to shape by dies, 
each sheet being Insulated from the other by shellac or some other 
medium. This coll, known as the secondary coll, is carefully Insulated 
from the primary coll, which consists of a large number of turns of 
smaller wire wound around the secondary coll and Its core. The num- 
ber at turns of fine wire depends upon the number of turns of heavy 
wire and the current to be taken In and given out; also on the rules 
governing transformer design. The type of transformer Illustrated 
In Fig. 3 Is particularly well adapted (or use In electrical soldering, 
as It can be used without changes with other work holders; and this 
would not be the case II it were built Into the machine. As shown, 
It has the coils protected by an Iron cover which not only acts as a 
case, but also as part of the magnetic fleld. Transformers of this 
type are very efficient — from 9E to 97 per cent of the current taken In 
being given out — and they are particularly suited for constant work., 
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Utilt Syetem ot Eleotrlcal Bolderlnc 

The writer has developed a "unit syetem" of soldering and applied 
it vei? euccessfully In tbe manufacture of optical frames. This system 
consists in mounting all tbe worliiQg parts of the machine for eacb 
particular operation on a base-board or stand. Figs. 3 and 4 Illustrate 
tbla Idea; the transformer Is mounted at the center, wltb a fuse box 
at the rear and tbe work holder at the front of the board. Under the 
base-board is located the adjustable rheostat operated by a sliding 
plate shown at the side. To set up this machine at any position In 
the shop, ft Is only necessary to run two wires from the teed circuit 
and attach a foot treadle to operate the clamp jaws and switch. This 
system allows the same transformer and other parts to be used with 
another machine in caae of a change or tbe discarding of the original 
macbine. 

There are two practical methods of controlling tbe heat obtained at 
tbe Joint; one is "by introducing an adjustable, rheostat into the 
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primary circuit, as illustrated; and tbe other method Is to Introduce a 
reactive or "cboke" coll into the same circuit. Of tbe two, tbe reactive 
coi] Is undoubtedly the better, as there is practically no loss of power 
and an Infinite number of adjustments may be made, whereas the 
rheostat is limited to the number of contact points ueed. Tbe dif- 
ference In loss ot current Is an Inappreciable amount more with tbe 
rheostat, but it can be made tor little expense and for that reason has 
been used more than the choke coll. The writer uses the rheostat con- 
trol on nearly all of his equipments on account of Its simplicity, the 
ease with which It may be built and the simplicity of operation. 

A machine for soldering straps to eye-pieces and bridges Is shown In 
Fig. 6. Tbis macbine or holder consists of a base A with a vertical 
slide B working In a slot at the rear. A second slide C also works In 
another slot at the rear, tbe slot being Inclined at 45 degrees to the 
base. This elide C is operated through a lever D which receives Ita 
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movement from tbe slide B; the lever D Is pivoted In the base. The 
slide B Is provided with a spring tension which allows the lever D to 
keep a conatant preesure on the allde C while the slide B continues to 
move. The lever D works In a slot cut through the slide C, this slide 
carrylns a cam-operated swinging arm at Its upper end to which the 
damping jaws O are attached. This upper Jaw Is designed to swing 
away from the work and leave it clear to tacilitate handling. 

At the rear at the machine and attached to the base there is- a switch 
which is operated hj a pin In the slide B. At tbe front ol the base 
and Insulated from It is the 
casting 1 which is milled to 
receive an arm L that is 
free to move on a pivot, but 
the motion of the arm is 
limited by the adjust log 
screws J and K. Tbe arm 
is held against the screw / 
by means of as adjustable 
spring tension H. There is 
a Jaw at the upper end 
of the arm, which, in this 
case, holds the strap In the 
proper relation to the other 
part to which It is to be 
soldered. The contact of the 
Jaw O with this strap Is 
made b; tbe pressure of the 
spring N against tbe arm L, 
and the strap is held against 
tbe part to which it is to 
be soldered, which la carried 
between the Jaws P and Q. 
The Jaws are made Inter- 
changeable for different 
classes of work. 

At tbe lower end of the casting J, one end of the secondary or low 
pressure circuit is connected by means of the terminal T, and a spring 
brush R is used to insure a low resistance contact between the casting 
I and the rocker arm L. Tbe lower clamping Jaw P Is attached to 
tbe base A and the Jaw Is provided with a gage for aligning; the part 
held in it. The slide B la held at the top of its movement by means 
of the spring 8. Two points of tbe swltcb control the primary or high 
pressure circuit, and the other two points operate on tbe secondary 
which is In the circuit with the Jaws of the machine. A chain con- 
nects the lower part of the slide B with a foot treadle which is placed 
under tbe bench In a convenient position for tbe operator. 

Tbe operation of this holder la as follows: Two pieces to be Joined, 
previously covered with a non-scaling or protective mixture, have the 
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Joint end of one piece dipped Into the flux. They are then aBsembled 
In the proper relation to each other in the Jaws of the holder, which 
are so arranged that the rocking arm Is away from Its stop when 
the work la In place. The foot treadle next 1b depressed until the 
upper clamp Jaw grips the work; In thla case only one part la held 
rigid. The other piece — which is a strap— U guided b; Its form and 
a teat on the piece held In the rigid Jaws. The solder, In the form 
of wire, la then placed on the Junction and the foot lever depressed 
further until the current Is connected. Almost Instantly the solder 
flows and runs around the Joint, when the foot treadle ta released 
entirely, and the work, which is left free, la taken out with a pair 
of tweezers. On work which is very email and difficult to handle 
with the Angers, tweezers are used; but auch work as soldering 
temples together, bridges to eyes, bridges to straps, or eyes to studs, 
is handled with the fingers. The heat Is held at the Joint instead 
of spreading as It does when heated with the flame, so It causes the 
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operator no discomfort to take the Joined pieces out as soon as the 
Jawa are opened. The Jaws are brushed clean at iatervals, using a 
short hair stiff bristle brush for this purpose. 

The Idea of using a spring tension Jaw was developed by the writer 
after having had considerable trouble caused by particles of dirt or 
burrs getting Into the Junction, also by not having the two ends flt 
together properly to form a contact of low resistance. By tbe movable 
Jaw, all of this trouble was eliminated as tbe constant spring pressure 
holds tbe ends In firm contact, automatically keeps tbe ends together 
In the case of burrs or other points fusing, and prevents any break 
in the contact while tbe current la being applied. In the welding 
process, the ends are forced together while at a welding temperature, 
but this changes the form of the ends and sbortens the pieces; con- 
sequently It could not be applied to optical work, as there must be 
no change In the size or form of the pieces to be Joined. The spring 
behind the rocking arm L in Pig. 5 la adjusted to provide Just suf- 
ficient tension to keep a constant pressure on the Junction without 
deforming or upsetting the ends, thus forming the Joint when the 
ends become hot The Jaws of the holder are made aa large and 
heavy as possible to allow of their working continuously without 
beating. These Jaws are made of copper, which has been found best 
for this purpose on account of the low resistance of the contact made 
between them and the metal to he operated on. 
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Prepdrliur tbe WofIc to Prarent Soalliw 
To prevent Kold-flUed metal from scaling or "burning" at th« Joint, 
it iB customary to cover the work with some preparation to prevent 
oxidation. Probably the best, and at tbe BBjne time the simplest, 
method of preparing tbe work Is to place It In an ordinary flour sieve, 
cover It with commercial boraclc acid, and then sbake all loose powder 
out This leaves the parts covered with a thin coating of dust wblch 
becomes liquid at a low red heat and prevents tbe air from coming 
into contact with tbe surface of the gold. Another method Is to make 
a solution of the boracic acid and water, dip the pieces into tbis 
solution, drain off the surplus and allow them to dry. In no case, 
however, should any solution be used that will leave a bajrd Dim over 
tbe parts, as this would pre- 
vent B clean contact with the 
clamping jaw, create a resist- 
ance that would cause an arc to 
develop, and spoil the surface of 
the work. The flux generally 
used Is borax and it Is prepared 
In the following manner: A 
piece of genuine slate, the green 
colored variety, which is tbe 
hardest, being the best. Is 
thoroughly cleaned; a few drops 
of water are placed In the center 
and a thick, creamy mixture of 
borax Is made by rubbing a piece 
of crystalline borax In tbe water 
on the slate until the desired 
consistency is obtained. The 
proper mixture is best deter- 
mined by actual trial; a mixture 
that Is too thin or too thick will 
either cause the solder to re- 
main in one spot. Instead of 
flowing through the Joint, or create an unclean contact and Interfere 
with the heating. 

The solder in tbe form of wire may be held In the hand In a holder, 
as shown In Fig. 6, or some such arrangement as the one shown In 
Fig. 7 may be employed. This consists of a chuck at the top of a 
wire, bent about as shown, and having a metal ball at the lower end 
heavy enough to balance the wire and chuck In an upright position. 
This wire Is held by a screw in one member of a universal Joint 
which allows the chuck to be moved freely to any position in front 
of the clamping Jaws and take a convenient position to allow tbe 
solder to be grasped by the operator. When a holder of this type 
is used, both hands are free to place and adjust the work and apply 
the solder quickly. 
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DESIGN AND CONSTRUCTION OF BOBINGt TOOLS 

A boring tool or bortng-bar is. Is Itself, a verr simple tool and yet. 
In Its various applications. It may require con^derable forethonstit 
In order to obtain a tool which will be exactly the right one for the 
Job. In order to properly design any kind of a cutting tool, an In- 
timate knowledge of the actual working conditions which are met with 
la ufling the tool la a valuable asset There are a. number of factors 
which Influence the design at boring tools and there are also many 
types of machinery to which boring tools may be avplled. In some 
cases the bar revolves with the spindle of the machine, while In others 
It Is held rigidly and the work revolves around It. These things affect 
the design and must be considered. The work naturally controls 
the size of the bar and also its sliape, while the material which is to 
be cut makes a difference In the shape of the tool and determines the 
amount of "chip clearance" necessary. 

The tools described and Illustrated In this chapter must be con- 
sidered as representative types of the many varieties to be met with 
In the general course of manufacturing. Points in design and con- 
struction will be noted and faulty tools will he discussed aod 
criticised. 

Oeneral Points in BorlnE Tool Deelgil 

Some of the Important points In the design and construction of 
tools for single-point boring are here given, and while some of these 
may seem obvious, they may be of assistance In calling attention to 
matters which would otherwise be overlooked. 

1. Chip clearance must be very carefully looked alter when the 
tool Is to be used for cutting steel, as an accumulation of chips 
caused by Insufficient clearance Is very annoying to the operator and 
also injures the work by tearing or scratching It, and finally ruins the 
bar Itself unless it is hardened. The amount of clearance between the 
bar and the work should be as great as possible without sacrificing 
strength, and In this connection it should be noted that in addition to 
the necessary chip clearance at the point where the cutting action 
takes place, provision must also be made to get rid of the chips them- 
selves. For this reason the portion of the bar beyond the cutting tool 
EboiHd be so proportioned that chips will not wedge. In cutting ma- 
terials other than steel the clearance Is not so important, as the chips 
are short and do not curl up or cling to the bar, so that they practi- 
cally take care of themselves, 

2. The method of holding or clamping the tool In position should 
be such that the thrust of the cut comes against the solid body of the 
bar and not against the set-screws or clamps. It Is advisable to use 
square-head set-screws Instead of the headless type whenever possible. 
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4 NO. 128— BORING AND TURNING TOOLS 

3. Borlng-bara should be provided wtth some means of adJuBtlBg 
the toolB for diameters, by the uee of "backlng-up" screws or wedges. 
The so-caJled "sledge hammer adjustment" type of bar should never 
be used when there Is room enough to put In adjusting screws. 

4. Boring-bar tools should be made as large as the diameter of the 
bar win permit without sacrificing strength. In order to assist Id car- 
rying away the heat generated by the cutting action, and to permit tbe 
use of heavier feeds without burning tbe tool. The rake of the tool 
should be such that It will turn the chips to the best advantage. 

E. The bar should be so designed that micrometers can be used 
over the bar and tool In order that the (qterator may be able to Bet 
hia diameters closely without resorting to tbe usual "cut-and-try" 
method used by our forefathers. 

6. In the design of multiple boring-bars which are to be used to 
bore up to a shoulder. It Is not good practice to Bet the tools in ttaa 
bar at an angle. Tbey should be located In a plane perpendicular to 
the axis ot tbe bar. If set at an angle it will be found a very difficult 
matter to grind the tools so that diameters and shoulder distances 
will remain constant 

7. Bars designed for use on turret lathes should have the tools 
set In a plane perpendicular to the rotation of tbe turret. By this 
means variations In tbe Indexing of the turret are minimized in their 
relation to the cutting tools, so that diameters can be held much 
closer to size than II the tools are arranged In a plane parallel to the 
turret rotation. 

8. When the work is of such a nature that a cutting lubricant Is 
required, provision should be made so that an ample supply of the 
fluid can be carried directly onto tbe lace ol the cutting tool. This 
result can be accomplished either by means of a bole in the bar with 
outlets at the proper places, or all grooves covered with a strip of 
sheet brass. In either case a good connection must be made with 
tbe cutting lubricant system on the machine. This may be arranged 
by a distributing collar on the turret or by means of a special oiling 
device through the spindle. 

Borlns' Tools tor the Bntrlne Lathe 
Boring tools which are designed for use In tbe engine lathe are 
generally of a very simple kind, adapted only to light cutting and 
seldom used for more than one or two pieces of work of the same slse 
at the same time. Several varieties are to be found In tbe average 
tool-room, although forged tools will be noted in greater numbers 
than any of tbe others. Tools of this kind of almost every conceiv- 
able shape and size, from a small round "book tool" tor cutting an 
Inside recess, to a large bar of tool steel bent over at the end (or bor- 
ing some long pieces of work, will be found In abundance. There are 
square bars and round bars with inserted tools, and. In addition to 
tbese, each toolmaker has a special boring tool of bis own make which 
he uses for Jig work. These special toots occasionally show consider- 
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DESIGN OF BORING TOOLS E 

&ble ingenuity in ttielr construction, and are usually made in such 
a way that very fine adjustments can be attained. 

The upper part of Fig. 1 shows a piece of work ± held by the out- 
side In chuck Jaws, the machine on which the work Is to be done 
being an en^ne lathe. A plain forged tool B is held In the tootpost C 
on the crosa-allde of the lathe. This type ot tool Is the simplest of all 
tools used for boring and consists of a rectangular piece of tool steel 
of suitable size to lit the toolpost. The tool is drawn out and bent 
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over at the cutting end by the blacksmith and is then ground to a 
cutting edge by the workman using It. Hundreds of tools ot this 
variety can be found In every machine shop and factory In this 
country. Tbey are suitable only for light cutting and there Is a 
tendency toward "chatter" even when the cut Is light; this Is due 
partly to the shape ot the cutting end and partly to the overhang of 
tho entire tool. It will be found that leas chatter will result it a 
slight land or flat Is stoned on the tool Immediately below the cutting 
edge. The tool should also be set slightly above the center. For cast- 
ing work where scale Is encountered, there is a decided tendency lor 
the tool to ride up on the scale and ruin very rapidly If It Is ground 
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6 NO. 128— BORING AND TURNING TOOLS 

aa shown &t B. The enlarged view M ehowa another method of grind- 
ing which le useful in cases at this sort It will be noted that there 
la a alight back taper to the end of the tool and this assists in prevent 
Ing an; riding up on the Bcale, as Its tendency Is to make the cutting 
point draw In slightly and thus keep under the scale. Care must be 
taken not to make the angle too great — S degrees la ample, and much 
less than this can be nsed If desired. 
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The lower part of Pig. 1 shows the same piece of work D with 
another type of boring tool In action. A cast-iron body K Is held down 
on the cross-slide of the lathe by means ot the three bolts J. A steel 
bar Q is longltudlDally adjustable In the cylindrical portion ot the 
holder and Is clamped In position by means of the binder screw S. 
A round cutting tool B Is held In place by the taper pin F, in a man- 
ner familiar to all. A holder of this type will be found a very useful 
adjunct to any toolroom, and la adaptable to a variety of conditions. 
A series of bushings can be made to take different diameters of round 
stock, and tools may be quickly made to suit almost any case. Obvi- 
ously, adjustment for diameters Is made by the cross-slide. Rigidity 
and adaptability are points in favor of this device. 
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DESIGN OF BORING TOOLS 7 

Adlonnble Borlnv Tools lor Jiff Work 

Pig. 2 repreaenU two etfles of adjustable boring tools used mostly 
for boring sma]! shallow hotea or Jig bushings. These tools are cap- 
able of flne adjustments but are not suited for aoy kind of heavy 
catting. The upper part of the Illustration shows bow tool B is used 
tor boring a part of the bushing A, which Is held in chuck Jaws. The 
l>ody of the tool-holder H Is made of steel and ie turned down and 
tapered at J to fit the tailstock spindle. The adjustable swivel D Is 
pivoted on the shouldered screw E, and is adjusted by the two head- 
less set-screwf F and O. The tool B Is of round section and fits the 
end of the swivel, where it Is held In place by the two screws C. The 
end of the tool is bent over for the purpose of clearance. A tool of 
this kind is very convenient and Is easily adjusted for diameters 
within Its capacity. It Is not adapted to deep holes, but can be made 
up In several sizes so that It will handle fairly large work. 

The lower part of the Illustration shows another tool of somewhat 
similar construction, which is designed for the same purpose as the 
other. The body la of steel and the shank T Is turned taper to tit 
the talletock spindle. The forward portion of the body R Is cut out 
to receive the swivel y, which pivots on the screw B. The. tool Jf Is 
of round section, bent over at the end, and it Is held in place by the 
two screws O. One adjusting screw Q is all that is required in this 
tool, as the coll spring P takes up lost motion and prevents drawing 
in. This tool is not aa rigid aa the one previously referred to, hut the 
qtring makes adjusting much quicker, as only one screw Is needed. 
A number of tools of this type, and of various sizes, were made for 
tool-room use in a large automobile factory and were used on the 
greater part of the Jig work. 

Borliur Tools lor th« Horlaontal TurrM I^the 
Boring tools which are required tor use on the horizontal turret 
lathe are of many forms and their design Is somewhat dependent on 
the type of machine to which they are to be attached. On machines 
having no transverse movement to the turret slide, the tools are 
nearly always designed tor straight boring, while on the other types 
of machines, i. e., those having transverse movement, the design Is 
frequently made In such a way that the tools can also be used for 
facing operations. The form of the turret itself also Influences the 
design to a certain extent, for it Is evident that a flat turret would 
require a different type of tool-holder than one of the vertical (ace 
variety. 

aiiiKl»-polnt StartlUB Tool for Taper Holes 
The work A shown in Fig. 3 Is a malleable iron automobile hub 
with a cored taper hole which runs out of truth very badly. There- 
fore It was necessary to design a starting tool of the single-point 
variety in order to generate a true running hole, so that the subse- 
quent tool would start properly without being influenced by the wobble 
of the core. This tool and tool-holder are very simple, the tool itself 



t) NO. 128— BORING AND TURNING TOOLS, 

being a piece of round blsta-epeed ateel beat over on the end and 
grouad to cut a dlsmeter a trlSe smaller than the large end of the 
tapered hole. The holder £ Is a piece of machine steel of cylindrical 
shape, which Is ground on the outside to fit the turret hole and on the 
inelde to fit tbe abank of the tool B. Two aet-Bcrews D are uaed to hold 
the tool in position. It will be noted that tbe end of the cutting 
point Is ground very nearly square so that it will not ride up on the 
scale. Tbe tool Is not made for continuous boring but Is merely used 




to generate a true bole for a- short distance Into tbe cored portinn ol 
tbe bub. 

Borlnff and VatAaa Tool tor a Plat Turr«t 
An example of a boring tool which is also used tor tacing out a 
pocket on a turret lathe having a flat turret Is shown in the lower part 
of Fig, 3. Tbis tool la of the "ahovel nose" type and Its cutting action 
la rather hard on account of the bluntneas of the nose and the amount 
of stock wbicb Is removes. Tbe work F Is a macblne steel forging and 
the shoulder Is not recessed at all in the blank. Tbe tool O Is of 
rectangular section and It la forged and ground on tbe cutting end to 
tbe shape shown. The tool-holder H la supported by the ateel bracket 
/ which is fastened down on the turret' face by screws L. The slots 
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DESIGN OF BORING TOOLS 9 

K are T-shaped and permit Tarious settings aud combinations of tools 
to be made. 

rig. 4 BbowB a veiy simple type of sfngle-polnt adjustable boring- 
bar for machining the bushing A (see upper part of the Ulustration). 
Although this bar 1b simple In its construction, there are several Im- 
portant points In design which should be carefully noted. The bar E 
Is of a low grade of tool steel and Is bardeued and ground to fit the 
turret hole. The reason for making the bar of tool steel la simply to 
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obtain all the rigidity possible and thereby obviate chatter. The tool 
B Is of round section and Is put through the bar at a slight angle, 
being held In position by the two screws C. A backlng-up screw D 
permits careful adjustment to be made. The bar is cut away where 
the tool comes through to provide chip clearance, but It la cylindrical 
on the end except In this one place. By making it this way. It Is 
found an easy matter to use micrometer calipers across the bar and 
tool as Indicated at F, so that accurate settings may be readily made 
without resorting to. "cut-and-try" methods. It Is very bad practice 
to bevel the end at the bar at O and put the holding screws through 
at this point, because a callperlng point Is sacrlDced by so doing, A 
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10 NO. 128— BORING AND TURNING TOOLS 

aimple formula Is here given tor setting tools oC this type for turn- 
ing a. given diameter: 
Let F=: required calipering distance for a given slie hole; 
X^ diameter of the bar at tlie end where the tool Is; 
y = dlajneter of the hole to be bored. 
Then 



Tbts formula will be found useful for setting tools very close to the 
dealred diameter, although the sprlDg of the bar will cause slight 
variations and the amount of stock wbldt is to be removed also makes 
some difference. 

The lower part of Fig. 4 shows a boring tool of an entirely dlllerent 
type. The cutter Is double-ended, and a'bar of this sort is often used 
for removing stock rapidly. Although It is a taster cutting tool than 
a bar having only a single tool or cutting point. It cannot be depended 
upon to produce a hole which Is absolutely concentric with other sur- 
faces machined at the same setting. The work A Is the same as In 
the upper part of the Illustration, and the bar B flts thfl turret hole. 
It is flattened slightly on two sides at points D, and a rectangular slot 
contains the cutter C and the wedge E. It will be noted that the cutter 
Is shouldered so that It is a close fit at the points D. Tools of this 
type cannot be ground radially without changing their diameters, but 
this Is seldom necessary as the cutting edge is at the forward end. 
A land of about % Inch Is usually left Just back of the bevel, and the 
cutter can be ground back to this point without changing the di- 
ameter. Beyond this, however, there Is a slight back taper for the 
sake of clearance, so that the life of the cutter does not extend 
beyond it 

Borlns-bar with ProvMon (or Outtlnr Lubrto«m 

On certain classes of work it Is very difficult to supply the cutting 
points of the tools with sufficient lubrication to make them thor- 
ouhgly efficient, when the regular supply system is used. Some method 
must be devised, therefore, to direct the flow to the point or points 
where the cutting action takes place. An example of a bar arranged 
to carry the lubricant to Inacceaaible tools is shown in the upper part 
of Fig. 6. The work A in the chuck Jaws is an automobile hub of malle- 
able Iron. It will be noted that the portion bored by the forward tool 
C Is In such a position that It cannot be reached for lubricating pur- 
poses in the ordinary way, but the rear tool D can easily be taken 
care of. The boring-bar B is of a low grade of tool steel and flts the 
turret hole at the rear end; the forward end J Is a running at in the 
chuck bushing L. A telescoping oil supply tube K enters this end of 
the bar and is supplied with lubricant from the rear end of the 
bpindle. The hole In the bar at H leads the fluid directly onto the 
face of the cutting tool C, thus insuring constant lubrication at this 
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point The two tools are held in place bj the iicrews E and F, and 
ther are provided with means ot adjustment in tbe backlng-up screws 
a. The writer has used bars ol this type in a number of cases with 
▼ery gratifying results. 

FiK. E (lower lUuBtration) shows a verr different condlUon, in a 
multi-cutting boring-bar for generating a series of true holes in the 
bronze artillery bub A. The ilnished hole Is tapered but a starting 
bar was used in order to prepare the hole properly for the taper tools 
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which followed It, so that they would not be influenced by the irregu- 
larities of the cored hole. In this case the turret lathe was one of the 
flat-turret variety, and provision was made for lubrication through the 
hole C In the turret face. As the turret Indexed to the proper position, 
this hole came directly over another lu the slide, which, In turn, was 
connected with the lubricant pressure supply system, thus allowing 
the liquid to pass up Into the body of the tool-holder. The boring-bar 
O is turned down at the rear end to fit the tool-holder B, and has an 
annular groove E which Is packed with felt to prevent the escape of 
lubricant A shoe D Is forced down on the bar by the two screws K 
and prevents the bar from turning. The hole H in the bar is drilled 
from the forward end and is tightly plugged so that this end remains 
closed to prevent the lubricant from passing through. A groove 
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13 NO. 128— BORING AND TURNING TOOLS 

cut In front of tbe tools J, M and L, aa shown at J, ajid tbls allows the 
fluid to Sow directly onto tbe faces of the tools. The end of the bar 
le piloted at O In the bushing N which is flsed In the chuclc body. An 
arrangement of this sort has also proved sncceGstuI In a. numher of 

Instances. 

A very dUDcult condition for which to design tools Is shown In 
Fig. 6, as tbe work Itself requires rapidity of handling and Is a steel 
casting weighing about 300 pounds. Only a part of tbe piece Is shown 
at ±, but It will readily be seen that it is necessary to make tbe bar 
In auoh a way that tbe tools can be used to do all the cutting indi- 
cated by the arrows; i. e., undercut the upper flange, double-bore the 
Interior, and face the lower shoulder. As the flzture on which the 
work was held was of the Indexing variety and was very much off 
center. It was not expedient to run at high speed. Therefore, tbe 
double boring was of assistance in Increasing tbe production. It will 
be noted that the hole through which the tools pass Is of small di- 
ameter, which makes the problem still more dllBculL The shank 
of the bar B flts tbe turret hole at Its upper end and Is slotted so that 
the pin F In the turret will act as a driver. (This feature Is patented 
by the Bnllard Machine Tool Co.) The lower part of the bar Is ec- 
centric to tbe shank In order to obtain the neceaeary clearance when 
the tools are in action. Even the tools themselves are considerably 
out of tbe ordinary In that they will cut In two directions. The upper 
tool D 1b used for undercutting the flange and also for boring, while 
tbe lower tool B is used for facing the lower shoulder and partially 
boring the Interior. Both these tools bave backlng-up screws O and 
are held In place by the headless set-screws. 

As It was necessary to set these two tools so that they Would cut 
approximately the same diameter, the gage shown at the right of the 
flgure was made to assist In the setting. The V-block E was slotted 
to receive the steel strip J so that distance L would measure the cor- 
rect distance from the bar shown In section at M. It Is obvious that 
the gage could be placed against the bar so that tools could be set out 
the right amount by means of the hacklng-up screws. This bar gave 
fairly satisfactory results although some trouble was experienced with 
chips, as there was considerable stock to remove. There was likewise 
a slight tendency to chatter when using a heavy feed, but this was 
remedied by careful grinding to make the cut as easy as possible. It 
must be remembered that the conditions were about as awkward aa 
they could be, and the lack of room made It necessary to cut down the 
bar to such an extent that It was hardly heavy enough (or the work. 
Taken as a whole, however, the action was satisfactory for a roughing 
tool. It was not used tor flnlshlng cuts. 

Sllp^nitter Bar tor the Vertical Turret LMhs 
The steel hub shown at A In Fig. 7 Is held on a special flxture. 
located by tbe previously bored and reamed'hole which flts the stuAlp 
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14 NO. 138— BORING AND TURNING TOOLS 

H. The hole K h&s been rough-bored In the first operation, Smt enough 
stock has been left for the final finlBhlag so that It may be finish- 
bored snd reamed and part L threaded at the BEtme setting. This 
type of bar la the product of the BuUard Machine Tool Co., and is 
designed especially tor use In their machines. It is a combloatloa 
boring- and reamlng-bar, and the cuttera are of the •'Blip" variety. 
One bar can be furnished with a set of cutters tor the Tarloua sizes 
of holes within Its capacity. A full set of cutters for any one size of 
hole consists ot chamfering, rough-boring, flnlah-borlng, rougb-reamlng 
and finish-reaming tools. The first three ot these are of square section, 
carefully ^ound to fit the broached hole D. The rear ends of these 
tools bring tip against the shoulder of the screw E, which acts as a 
stop. The fit In the hole Is such that tools can easily be put In and 
taken out with the fingers. 

The two reaming cutters are used In the rectangular hole F which is 
at right angles to the other hole; these toolp are allowed to float so 
that they follow the hole generated by the boring tools. The action 
against the reaming cutters Is in an upward direction, and comes 
a^inst the hardened steel plug which la inserted in the bar. The 
bar S Is of special steel and la slotted at the upper end to flt the driv- 
ing pin C which Is located in the turret. Bars of this type have a 
number of advantages, one of which is that only one turret bole Is 
occupied; other advantages are the cost of maintenance, and the 
adaptability ot the bar with its series of cutters to handle a number of 
different sized holes. The cost of large sizes of reamers of the fluted 
type Is considerable, while a flat reamer such as that used In this 
bar Is inexpensive. It may be noted that the pressure or thrust of 
the cut is all that holds the boring tools in place, so that trouble 
would be experienced If a cored pocket were to be encountered. This 
is provided for by a detent screw Id the end of the bar. which pre- 
vents the tools from coming out. This screw can be put In any time 
If it is found necessary. 

Mum-outUoK Bar for (ha Tertloal Turr«t Lathe 

An example at a bar designed to remove a large amount ol stock In 
a very short time is given in Fig. S. The work shown at (7 is a steel 
boiler nozzle which la toiled, and a G-lnch hole punch in it before It Is 
machined by the vertical turret tathe. The finished hole is S Inches 
In diameter and It was desired to remove the surplus stock as rapidly 
as possible. Accuracy In the diameter of the hole was not essential. 
The bar £< is a steel forging which fits the turret face at M and Is 
held to it by the screws N. The stem Is used to center the bar in 
the turret. Two rectangular holes are broached through the body of 
the bar. at right angles to each other, and these receive the high-speed 
steel cutters shown. It will be noted that these cutters are so pro- 
portioned that they remove the stock In a series of steps, each tool 
extending beyond the preceding one and also above it about ^ Inch. 
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The section taken at A—B ahowa the manner In which the toola 
extend beyond each other, and the lower view Illustrittes the cutting . 
action or the tools. One end of the first tool O makes the first step, 
while the other end H makes the second. In like manner one end 
of the upper tool J makes the third step while the other end K takes 
out the remainder. The two screws P hold the flrst tool in place, 
while the other la secured by the serewa Q. It wilt be noted that the 
work is held in Jaws D and Is supported on buttons at E; the height 
above the table is great enough to allow the end of the bar and the 
aet^Bcrews to go through far enough to flnleh the cut. Regarding the 
upkeep of these tools, attention Is called to the fact that they may be 
pushed backward or forward to compensate for wear and distribute 
the cut For roughing purposes requiring rapid removal of stock and 
rapid cnttlng, a har of this sort has proved very successful, but it is 
not recommended for work requiring great accuracy. 

Other TnMa of Borlnir-bara 

There are several bars on the market which are adjustable for 
variouB diameters by means of micrometer screws and taper wedges. 
These are useful for many purposes hut space will not permit a de- 
tailed description nor haa It been the writer's purpose to deal with the 
many varletiea but rather with repreaentatlve typea. Special bars 
for many purposes, porcupine bars and cutter heads of various kinds, 
have not been described, because these are not single-point boring 
tools. Neither has mention been made of boring toola such as are 
used In fixture work on the horizontal boring machine, for these are 
found In every tool-room, in all shapes and sizes. 

In several of the Illustrations It may be noted that the toola are 
shown In a plane parallel with the rotation of the turret. This haa 
been done simply because the details are more clearly apparent when 
ehown In thla way. Greater accuracy Is obtained by setting the tools 
in a plane perpendicular to the turret rotation, as previously stated. 
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CHAPTER II 



BEOBSSINa TOOLS 

Many varletfea at cylindrical work call for the machlnlcg of an 
annular recess or groove In a place wlilcb may be inaccesalble to 
the cutting tools. The form ot recess varies greatly and the accuracy 
required Is likewise variable. The form may be either narrow 
or wide, deep or shallow, while the accuracy called for may be 
either within narrow or liberal limits, as for Instance, when the 
recess Is for clearance only. In fact. In the majority ot cases the pur- 
pose of the relief or recess Is merely to obtain clearance for some 
moving part or for tools when machining an adjacent surface. Very 
frequently a groove is cut to serve as an oil-pocket or to provide a 
space which can be filled with packing to act as a gland. It is evident 
that great accuracy Is not essential when the work is of this nature. 
Ttiere are occaalonally conditions which require more accurate work, 
as tor instance when another piece is to be sprung into place, such as 
a spring ring or aometblng of a similar nature, but even in a case of 
this kind a certain amount of inaccuracy Is permissible. The ma- 
chines to which recessing tools are moat Trequently fitted are the en- 
gine lathe, the horizontal turret lathe, the vertical turret lathe, the 
vertical drilling machine and the horizontal boring mill. Other ma- 
chines are occasionally equipped with tools for the same purpose, but 
those mentioned are most frequently used. 

In many cases the position of the relief or groove is such that it 
cannot be readily seen by the operator, nor can It he easily callpered. 
The workman, therefore, must tell how the tbol is cutting by the 
"feeling" of it and by the character of the chips. He Is really "work- 
ing In the dark," and for that very reason every precaution must be 
taken in regard to position of tools, diameter and shoulder stops, etc., 
so that the machining can be done without withdrawing the tool to 
note the progress ot the work. In this connection it is well to bear in 
mind that the action of any kind of grooving tool is much tlie same 
as a cutting-off toot. It must be kept very sharp and set so that the 
cutting edge Is sligbtly above center, when It Is used for internal 
work. It will be seen that If the tool Is slightly above center the 
springing down of tlie cutting edge (due to the pressure of the cut) 
will have a tendency to keep It from "digging in", and will therefore 
assist In the prevention of chatter. Some of the Important points In 
the design of recessing tools are given herewith. 

Points In Doslsu ot BaoeBslnir Tools 

1. Rigidity is ot the greatest Importance and every precaution 

should be taken to Insure as substantial a holder as possible. The 
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tool Itsell should be of as great a section as the condltiocia and the 
space will permit Some method of supporting the overhanging end 
should be provided, either by means of a pilot or In some other way 
wblcta may suggest ItselC. Moving parts should have a means of ad- 
justment Tor wear, and gibs should be set up as snugly as possible and 
stiil allow free movement 
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2. The teed motion should be carefully considered. Screw feed 
Is beat and may be contained In the tool itself or may be operated by 
the cut-off slide. Lever feed is uncertain and produces uneven cutting 
unless the work upon which It is used runs at high speed. When 
this is the case and If the cut la not too heavy. It can he used with 
satisfactory results. The work to be done Is a factor in determining 
the method most satisfactory for the feed motion. 

3. Means are needed for determining the depth of the cut There 
are several ways In which the depth of the cut can be positively d( 
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termined; a positive Btop can be provided; the dial on the cut-off 
elide can be used when the feed motion of the slide la the operating 
[orce; an Indicator or a graduated dial on the tool-holder Itself may 
be provided. 




4. Rapidity of operation la essential. 

5. Adjustment for the cutting tool should be provided. This ad- 
justment may be made either by manipulating the tool by hand or by 
means of a bflcklng-up screw. The latter method Is the better one 
and should be used whenever practicable. The upkeep of the tool is 
Important, and for that reason Inserted tools are preferable to those 
which form a part of the mechanism itself. In confined situations It is 
occasionally necessary to make the tool of special shape. This should 
be done only as a last resort, when necessitated by the conditiona 
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governing the work. Id caeea of this kind several tools should be made 
to provide tor emergencies. 

BaceaaliiE Tools lor the Inglue li«tho 
The upper illustration In Fig. 1 shows & bushing A which la held 
by the outside in regular chuck Jaws. This work Is to be done on the 
engine lathe, and the recess Is to be cut at the same setting. A 
forged tool B Is held In the regular tool-post C on the cross-elide of 
the lathe, and Is forced Into the required depth hy hand. After this the 
longitudinal feed Is started and the remainder of the recess cut. This 
type of tool is much used for lathe work when only one or two pieces 
are to be machined. Its advantages are that It can be easily made 
and quickly adjusted. Its disadvantage is that ft has a tendency to 
chatter, and Is, therefore, suitable only for very light cutting. 

The device shown In the lower portion of the same lllustratioa is 
much more rigid, hut is not nearly as adaptable to various conditions. 
In this arrangement the tool D is of round section and ia held in place 
by taper pin E. The bar F la of ateel and Is aecnred in the holder O 
by the two screws J which bear againat a Hat K an the bar. Three 
screws H enter shoes In the croas slide T-elots and secure the bolder 
flrmly to the slide. 

Beoeoslns Tool tor a EoHsontaJ Turret Ii&the 
The work A shown in Fig. 2 la a steel forging of an automobile hub 
which ia held In a three-jawed chuck by the flange B, the tapered por- 
tion entering the hole C in the chuck body. The Inaide of the huh Is to 
be threaded at E with a collapsing tap. A recess la therefore needed 
St L In order to obtain a clean thread. The machine selected tor the 
work la a Pratt & Whitney turret lathe having a croBS-slIding turret 
of the flst type. The recessing tool Is of high-speed steel, with the 
shank turned and ground cylindrical at E. The front end is also 
turned to form the flange D, and la afterward cut away and finished to 
the shape required, as clearly shown In the lower part of the Illus- 
tration. The tool-holder F la of cast Iron and contains a ateel split 
bushing J which. Is compressed by two screws H In the top of the 
holder. The action of this tool was satisfactory, but the upkeep 1b 
obviously rather expensive, 

BocMntrio Beotwirtng Tool for a Horizontal Turret Lathe 
The work A shown In Pig. 3 is a steel flange which Is to be recessed 
at B in order to provide the necessary clearance for the threaded 
portion C. In this Instance the cut-off slide was used during the 
progress of the work, so that a considerable overhang from the turret 
was required. Strictly speaking this Is not an eccentric tool, for the 
various parts of the body are concentric, but by a reference to the 
upper part of the Illustration it will be seen that the center-line TW 
of the recessing tool does not coincide with the center-line TV of the 
spindle. Now as the tool-holder F revolves on the center line FW. ,it 
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iB evident tbat the path of the tool D, ae It swings, will be eccentric 
to the center line of the spindle. The body L is of cEist iron and la 
mounted on the dovetailed turret face, being securely held in position 
by the gib li and the screws ^. The tool-bolder P is of tool steel and 
Is turned down at £ to a running fit In the body. The end Q with the 
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Ecowitrie B*c«iin( Tool for th« Tomt Lath* 

and R acts as a retainer to heep the tool-holder 



ucrew and waaber 
in poaltloD. The tool D te of round section with the cutting end 
shaped that It will cut the recess properly. A set-screw E holds it In 
poHltlon. An oiler Is located In the body and distributes the oil to 
the bearing through the oil groove P. An operating handle a Is 
driven Into the holder, and is located between the pins H and / which 
act as stops. As the lever G Is operated, the tool D. starting with 
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Blight clearance at the bottom of the hole, moves graduallj' upward 
and outward until the full depth ol cut has been reached. At the 
completion of the cut the tool Btands In the position shown In the 




llluBtration. The action of this tool was perfectly aatlafactory, and 
aa it la comparatively simple In construction, the cost of building was 
not eKcessive. 

Piloted Bso«Hln« Tool tot- an AutomobUa FlrwhOAl 

A rather peculiar condition la shown In Fig. 4, the work A being 

an automobile Hywheel having a semi-circular recess at B. Attention 

la called to the fact that this recess la put in at an angle of 45 degrees 

with the center line. It la evidently only a clearance groove for the 
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male clutch member and it is not known to the writer why some otber 
Btyle ot groove would not liave answered the purpose Just as well. 

The work A Is held by the Inside ot the rim In special Jawa. Tbe 
body of tool D iB made of cast steel and la fitted to the dovetailed 
face of the turret, the gib G aecuring It firmly by means ot the collar- 
bead BcrewB H. A tool-steel pilot E enters the bushing C in the chuck 
and asslstB In supporting the body against the pressure of the cuL 
Tbis pilot E 1b shouldered and forced Into the body at N. A small 
hole is drilled to avoid air compression when forcing in the pilot 
II this is not done the fitter may be deceived Into thinking that bo 
has secured a good fit at thlB point when in reality It Is the air com- 
pression which causes the Btem to fit tightly. A Q>ver plate F tends 
to strengthen the body and overcome the weakening effect caused by 
the cutting of the angular slot, and also assists In preventing the en- 
trance of dirt and chips. Tool J Is ot square section and Is held in 
tbe sliding block li by two screws L. Hole K Is for machining pur- 
poses only. The operating screw P Is squared up on one end to re- 
ceive a wrench, while the other end Is shouldered at R and threaded 
to receive a hexagon nut. There are two thrust washera Bbown at 
Q. The screw has four Acme tijreada per inch, right-hand, and 
meshes with tbe angular rack cut on the under aide of tbe tool-carrying 
slide M. It Is evident that the rotary motion ot screw P will cause 
movement of the block, In Its longitudinal direction, thus feeding the 
tool into the work at tbe desired angle. The forged tool 8, held in 
the tool-holder T on the cut-off slide, is slowly fed across tbe rim 
while the recesaing operation Is taking place. 

Double SecesBlns Bar tor a Bear Axle Houolnc 

The work A shown In Fig. 5 Is a bronze rear axle housing for an 
automobile, and the recessing bar is only one of a group of tools used 
at tbe same setting of the work. Previous to this setting the finished 
annular rings at the two ends D and E of tbe casting were machined 
so that they might be used as locating points in this setting. The 
ring D Blips into the spilt bushing in the holding device B. The other 
end E revolves in a roller back-rest F which is placed on the ways ot 
tbe turret lathe. This back-rest Is not shown In detail, as Its con- 
struction is not essentia] In connection with the recessing tool. The 
two grooves tn the work at 8 were to be spaced an exact distance 
part and It was partly to Insure accurate spacing that this bar was 
designed, although rapidity ot operation was alao a factor. A cast- 
tron bracket K Is fastened to tbe dovetailed face of the turret 1^ 
means of gib Y shown In the lower view. Tbe bandwheel W is con- 
nected to a shaft which drives the pinion M. A steel pointer X is 
fastened to the bracket and acts as an Indicator on the graduated rim 
of the wheel. It will be seen that this arrangement makes it very 
easy to determine tbe depth at the cut 

The pinion IS meshes with a rack cut upon the enlarged end AT 
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of the operatiDg rod L. This rod la considerably below ttae center of 
the bar and Is flatted at and P. The toDguea Q and R are angularly 
cut on these surfaces, and they engage with grooves on the under side 
of the tool-carrying blocks T. so that any longitudinal movement of the 
rod h la transformed Into a radial movement of the blocks. The 




grooving tools S are of round section and are held in position by the 
headless screws Z. The backlng-up screws V permit accurate 
adjustments to be made with ease. The pilot H enters the steel bush- 
ing C In the body of the holding device and assists In preventing 
chatter. An added reflnemeut to this tool was an oU-groove from 
wlilch oil was lead directly to tbe cutting tools. This was supplied 
with oil through a special piping system and a distributing collar on 
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the turret. In order to avoid confusloii in the drawing, this has not 
been shown. This device gave very satisfactory results. 

BacMaluff Tool for an Automobile Beerlng Batalner 
The work shown at .1 In F^g. 6 1b a malleable iron bearing re- 
tainer for an automobile. The casting is held by the ouUlde in a 
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tbree-Jawed chuck; the machine on which the operations are per- 
formed is a horizontal turret iatbe. The piece is completely flnlslied 
In one setting. As the cut-off slide front tool carrier was used dur- 
ing tile progress of the work, It was found necessary to design the re- 
cessing tool so that It extended out over the slide. It Is evident that 
an overhang as great as this would cause trouble unless some means 
of Intermediate support were provided. The bracket 8 was therefore 
used on the rear oF the cut-otC slide, the portion T being cut out to the 
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radius of the b&r ho as to act as a support and at the same time pro- 
vide the feed motion necessary (through the reverse feed of the slide) 
to torce the tool into the work. The cutting tooi C is of round sec- 
tion properly shaped at tbe end to form the required groove B. It Is 
secured in piace in the bar E by the set-screw D; radial adjuatment is 
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secured through screw V. Tbe rear end of the bar Is shouldered and 
fitted to the sliding bracltet F; the set-ecrew P holds it In place. The 
slide F 1b dovetailed and Is gibbed to the fixed braclcet Q by tbe gib 

which is adjusted (or wear by the screws "S. The lug H at the end 

01 the slide is provided with a stop-Bcrew / which permits close ad- 
justments to be made for the depth of cut This lug Is not riiown In 
the lower view but It Is set slightly to one side of the cored groove O 
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BO that the screw will bear againat the solid portion. The bracket O 
Is mounted on the dovetail of the turret and ie held in place by the 
gib R. The special acrew H is ehouldered to receive the coll spring L 
which thrusts against It and against lug K on the slide. The strength 
of the spring may be easily adjusted by the screw to the desired com- 
pression. The screw V Is simply used to limit the reverse movement 
ot the slide, so that It will not move bach too far before or after the 
work has been done. This device was used tor three dlflerent pieces 
by simply changing the tool and regulating the stop-ecrew. Its per- 
formance was thoroughly satisfactory. 

rtnnnnnlnr Tool for a Lanre Collar 
The large collar A In Fig. 7 was held by the outside of the flange 
In a three-Jawed chuck on a horizontal turret lathe. The internal 
groove D was to be cut during this setting of the work, and as a 
small geared scroll chuck was conveniently available. It was arranged 
as a recessing device for this casting. The cast-Iron bracket if was 
fitted to the faceplate recess at the rear of the chuck body. The stem 
/ was turned down to fit the hole in the turret face, and the four 
screws K secured it thereto. One of the standard chuck Jaws F was 
annealed and shaped up as shown. It was then drilled to receive the 
tool E, and tapped out so that two set screws could be used to hold 
the tool. The Jaw was then re-bardened and a small amount of 
fitting done so that It worked smoothly. A graduated collar was ap- 
plied at M, and a special wrench L, having a slip handle, served to 
operate the scroll and thereby caused the tool to move radially as re- 
quired. A tool-steel pilot C was forced Into the center hole In the 
chuck body O, and a bushing B in the spindle chuck body served as a 
guide and support for > It, thereby greatly Increasing the efficiency of 
the tool and doing away with the chance for chatter. 

BocesBlnii Bar tor a Triple Groove 
In all of the examples which have so far been given, the work has 
been done In a horizontal plane, but we shall describe a few cases 
which are handled In a vertical plane on the vertical turret lathe. As 
this machine has a turret slide which can be traversed horizontally. 
It is evident that no special attachments are required for plain re- 
cessing or grooving, but there are conditions whlcb may be decidedly 
out of the ordinary, under which a special arrangement for recessing 
may be used to advantage, for example, any sort of groove which Is 
deep down in a hole, multiple grooving at a considerable depth, or any 
other condition of a similar nature. When the groove Is very deep, 
there Is naturally a considerable overhang ot any tool which may be 
used tor the work. If the overhang is excessive, It follows that there 
Is apt to be more or leas vibration, and vibration means chatter. It, 
however, a tool or bar having an excessive overhang from the turret 
Is supported at Its lower end. the tendency tc chatter Is at once over^ 
come; but, If support Is provided at this point, the borixontal mors- 
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ment of the turret Bllde canaot 'be used. Therefore, some method 
which win give a radial movement to the grooTlog tool most be 
used when the bar Is to be supported at its lower end. 

Fig. 8 stows a piece of work at A which Is .set up so that It can 
be machined complete In one settlog. The casting la held by the In- 




side ot the rim in special chuck Jawa B. and Is supported at three 
points on the steel buttons C which rest In pockets In Hie jawa. The 
inner ribs ot the castlns act as drivers against the sides of the Jaws. 
The three grooves E are to be machined and the tools O, H. and / 
are correctir spaced to perform the work. Tbeae are secured in the 
bar D by means of the aet-screws K, and accurate adjustment la pro- 
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vlded by screws h. The bar D Is shouldered at the turret face and 
Is driven by a pin In the turret in the usual manner. The toot In 
the side bead turret Is used for facing vhlle the Inside work Is being 




done, as this brings the cutting action oF the outside and inside tools 
in opposition and therefore tends to overcome vibration. If very floe 
feed iB used on the turret traverse, good results may be obtained with 
this method, although there Is a tendency to chatter due to the ex- 
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cesslve overhang. Slight varlatloiiB In the depth ot the grooves may 
also be found on account or the spring ol the bar. 

PlloMd Beoaaslnir Bar tor a Triple Internal Oroova 
The cast-Iron valve cap shown In Fig. 9 Is another example of a 
piece of work having three grooves equally spaced, and In which the 
lower groove is at a considerable distance from the turret This 
piece Is finished complete In one setting and Is held by the outside ot 
the flange In the standard chuck Jawa C, being supported at three 
points hy the buttons D. This tool is somewhat similar In its opera- 
tion to that shown In Fig. 6, except that It Is arranged In a vertical 
instead of in a horizontal plane. A heavy cast-Iron bracket Is bolted 
against the turret face K by screws L. and a locating plug J centers 
the device la the turret. The bar H is of steel and bos a pilot Q at Its 
lower end. This pilot Is hardened and ground to fit the bushing E 
which Is Inserted In the center ot the table. The top of the bushing Is 
milled out to leave three projecting pads F. These pads form a posi- 
tive stop to Insure the correct height; It will be noted that the tend- 
ency when in action would be to keep these pads clean and free from 
chips or dirt The upper end of the bar Is shouldered and la 
fastened to the bracket As In the former Instance the operating rod 
Z la flatted at certain places and angular tongues P are provided. 
These tongues mesh with corresponding grooves in the tool carrying 
blocks O. The section X-Y gives a good idea of the construction. 

The tools Q are held in place by the short set-screws W In the 
square steel blocks O. The backlng-up screws R permit of rapid and 
easy adjustment. At the upper end ot the operating rod the rack N 
Is cut and the pinion il meshes with It and operates the rod. The 
handwheel through which the pinion Is operated Is Indicated 'at U 
by the dotted lines. This portion of the mechanism is Identical with 
that described In Fig. 5. The tool F In the side-head turret is uaed 
for facing the end of the casting during the progress of the receaalng 
operation. 

Baoeaslnff Tool operatwl by Bevel QaarB 
A somewhat unusual condition la shown in Fig. 10, this arrange- 
ment having been suggested for the work A In order to rapidly per- 
form the grooving operation deep down in the Interior of the cast- 
ing at 7. It was desired to machine this casting complete at one 
setting. The chuck Jaws B were ot special form, having a slight 
angle on the Inside of the Jaw which drew the casting down onto the 
three points (7. A caet-Iron pot E was fastened to the table by screws 
E, and cored openings / were left at the points where the Jaws gripped 
the work. Midway between the Jaws, the pot casting took the form 
as shown at D and the doge F were sunk Into the edges of the flange 
by means of the hollow set-screws O. The bar If Is a steel casting 
which bolts against the turret face at Ita upper end; It Is located by 
the plug £i. The operating sleeve T la of tool steel, hardened and 
ground, and having an angular slot X at Ite lower end, which t>earB 
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against tbe tool T. It la well to make np several of these tools, ao 
that replacements can be quicklr made In case of breakage. A steel 
plate W Is let Into tbe casting at this point to lorm a cover plate for 
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the tool and spring pocket. A teat-screw U fits a. slot in the operating 
sleeve and prevents It from turning. 

The left-hand threaded shaft 8 la journaled at Its upper end Z and 
the miter gear is keyed In place. The shaft P carries another gear 
which meabes with the former, and tbe entire mechanism la operated 
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br tbe bandwheel Q. (This handwbeel in reality Is located 46 de- 
grees toward the front of tbe machine from the position Bhownl. A 
pointer R asslats In making accurate readings from the graduated 
bevel on the handwbeel. Steel tbritet collars y are provided for 
wear. The tool-steel pintle H la fltted to the center of the table and 
Is held down by the screws shown. This pintle acts as a guide upon 




which the mechanism is located and greatly assista in making It 
rigid. 

Arrana«m«nt lor SzMmal Qroovlan 
A thin piece of work for electrical machinery, shown at A in Fig. 
11, has been completely machined with the exception of tbe groove B. 
At the time when the operation of grooving takes place, a revolving 
Bteel pilot O flta the previously reamed bole C and is held In Its 
position on H by the nut and washer J and S. The upper porti( 
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the bar F Is shouldered at E and fits the turret hole, being kept from 
tumlDg by pin D. A round bar N U flatted on two sides at O and Is 
held In the side-head turret by the three screws R. The lower jrartion 
of the bar carries the grooving tool P which Is held In place by the 
two screws Q. A toot-steel pin M Is forced into the bar N and forms 
a sliding tie between the pilot bar F and the side-head bar N. The 
bushing L Is Inserted in the pilot bar to receive the pin. It will be 
readily seen that this method overcomes the vibration which would 
naturally be caused by the grooving tool acting on the thin and un- 
supported hub. 



CHAPTER in 



ADJUSTABLE AND MULTI-OUTTING 
TUBNING TOOLS 

The cost of tool equipment for the manufacture of Interchangeable 
work la an item which should be proportionate to the number of 
pieces to be machined. The saving In time which can be made by the 
use of special tools should also be carefully considered, as there aro 
many cases where special equipments are designed tor work which 
could be handled to advantage by the Judicious use of standard tools. 
In order to obtain the greatest possible production from their ma- 
chines, there have been instances where machine tool builders have 
sold tool equipments of expensive design, when a standard equipment 
would have done the work very nearly as well. Undoubtedly there waa 
some gain In production, but it Is doubtful whether the saving in time 
would pay for the special toots. The upkeep of special tools is also a 
factor which must be taken Into consideration. It Is Interesting to 
note that the present aim of machine tool builders la to so design 
standard tool equipments that they can be adapted readily to a great 
variety of working conditions. A great deal of time is spent by manu- 
facturers In devising and experimenting with various tools in order to 
perfect them to such an extent that they will conform to these 
conditions. 

The rapid growth of the automobile industry in the past ten years 
is largely responsible tor the broader development of our machine 
tools. The enormous quantities of Interchangeable parts which are 
required In this industry and the manufacturers' desire tor increased 
production have brought Into existence a great variety of multi-cutting 
tools. Tools of this kind may be designed for a variety ot uses, and 
tool-holders capable of containing several tools can also be designed 
to handle a considerable range of work. 

Adjustable tools and those having cutters for turning several di- 
ameters are sometimes combined with boring-bars, drills, or cutt^ 
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beads, these being applied to some one of the varloua types of turret 
latbes. They are also iiccaatonally designed for use on a Tertlcal 
borluK mill. 

When used on the turret lathe, the cut-off slide is frequently 
equipped with a gang of tools so that the operations of turning, bor- 
ing and facing can be carried on at the same time. Quite frequently 
the tools are so arranged that from nine to twelve are working st the 
Bame time, with the result that there is a considerable gain In pro- 
duction. There are a great many varieties of so^alled "box-tools" on 
the market, and these are principally used for bar work on turret 
lathes or screw machlneB having a collet mechanism. Tools of this 
type are usually a part of the standard equipment furnished with 
screw machines adapted to bar work, and they will not be discussed in 
the present chapter. 

The design of multi-cutting turning tools for castings and forglngs 
which have several diameters to be machined is a subject well worth 
considering, for it Is sate to say that nearly an manufacturer who 
uses horizontal or vertical turret lathes can greatly Increase the pro- 
ductive efficiency of his machines by the Judicious use of multi-cutting 
tools. The several designs of turning tools Illustrated In this chapter 
have been built for various purposes, and a careful study of the types 
shown may be of assistance In suggesting methods which can be used 
to perform some piece of work requiring tools of a similar kind. Some 
of the Important points In the design of tools of this nature are given 
herewith. 

Oonersl Points in DeslKU 

1. Rigidity: Avoid overhang as much as possible unless some sort 
of outboard support can be used. Pilot the tool if practicable. 

2. Arrangement of tools: They should be perpendicular to the 
plane in which the turret rotates when indexing, because variations 
in diameters are less likely to take place when tools are arranged in 
this way. Unequal indexing of the turret has very little effect on 
the radial position of the tools under these conditions, so that sises 
can be held much closer than If they are placed In a plane parallel to 
the turret rotation. Use standard rectangular stock for the cutting 
toola so that the upkeep will tw inexpensive and reforglng be avoided. 

3. Try to make the block containing the tools removable so that 
it can be replaced easily by another block with tools arranged dif- 
ferently to handle other work. 

4. Make the tool-block adjustable if posalble. 
G. Back up the tools with adlustlng screws. 

6. See that provUton is made so that cutting lubricant can be di- 
rected on the faces of the tools when forglngs or steel castings are to 
be machined. 

7. Arrange the tool-block In such a way that the thrust of the cut 
does not come against it; it is much better to have the thrust come on 
the I>ody of the tool. 
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Multl-tumlner Tool for BI«atrlo Uotor Sh^Its 
One example shown In Fig, 1 la givea of a multHurnlng tool for 
bar work. Thla tool wae designed lor uss on the electric motor abatt 
Bbown at A In the Illustration. The work was handled in short 
lengths although the stock Is a regular commercial product Rough- 
ing and flnlBblng operations were performed with the same type of 
tools. The work was held In collet Jaws. Something like twenty 
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varieties ot shafts having different diameters and shoulder lengths 
were handled by these tools. 

A Pratt & Whitney turret lathe with collet mechanism was used for 
this work; as this type of machine has a turret with dovetail faces, 
the body of the tool G was arranged to fit the dovetail and the glh 8 
held It in place. The cut-off slide was planed off at the center and 
the hardened steel block F was secured to IL It will be noted that this 
block acts as a support fur the tool, and the tongue assists In prevent- 
ing lateral movement. The cast-Iron block Q Is fastened to the body of 
the tool and it la dovetailed at U to receive the tool-slide P. This Is 
of steel and It Is T-slotted so that standard toolposts O can be used. 
It will be seen that the tools C. D, and E are held In such a way that 
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tber can be adjusted readily both (or different diameters and for 
sboulders of Tarytng lengtbs. Tbe slide Is screw controlled and Is 
operated by the handle T. A positive adjustable stop is provided by 
the check-outs T. The back-rests J are of tool steel and are contained 
In the brachetB H. The screws K, L, and H are used for binding and 
adjusting, while those at it pass down through slots In the body of the 
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tool and permit adjustment of the back-rests in a longitudinal 
direction. 

Points worthy of notice In this tool are the method of supporting 
the body by means of the block on the cut-off allde, the flexibility of 
the tool adjustments, and the ease with which any tool may be re- 
placed If broken or used up. The tools are of standard section and 
therefore require no machining except cutting off and grinding. 

Hultlpla Tool-bolder tor tbs Tumtabla-tj'pe of Latbe 

The bronze nut shown at A in Fig. Z Is an example of a piece of 

work which is to be drilled and turned on two diameters at the same 
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time. There were six pieces of this kind varying Bllghtljr in size, 
which had to be machined in lots of twenty-five. Two tool-holders 
were used to do the work, one tool being arranged as shown In the 
illustration, while the other contained a. boring tool In place of the 
drill B. The holder L was made ol cast steel and was T-slotted la 
two places at F, so that tool-holdera E of the standard type could be 
used. These carry the tools C and D, and attention Is called to the 
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way in which two posts are used lor each tool to Insure the maximum 
rigidity. The body of the holder is fastened to the turret face by the 
screws K. and Is tongued on Its under side to fit the slot A semi- 
cylindrical I)oss M contains the split bushing O which holds the drill 
B. Two screws H are employed to clamp the bushing. This bolder 
is simple, easily made and quite adaptable for work within its 
capacity. There are likely to be slight variations In the diameters 
turned due to imperfect Indexing of the turret, but lor general com- 
mercial work these usually are not great enough to cause any serious 
trouble. 
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Uultlple Tooi-tiold«r tor an Automobile Hub 
The piece at work abowa at A in Fig. 3 Is an automobile bub, and 
tbe tool-holder Is arransed so tbat tbe operations of turning and bor- 
ing can be carried on slmultaneouelj with the facing. The tools L, 
M and N are secured in a special block on the cut-off slide. The tool- 
holder B ia of cast Iron and well ribbed; It fits the dovetailed face of 
the turret, being aecured Id position bjr the screws O and the gib F. 
Tbe turning tools D and E are mounted vertically, and the steel cap- 
plate C contains the necessary holding screws. The boring-bar H Is 




piloted In a chuck bushing at Ita forward end and contains the tool /, 
which stands in a vertical plane like the turning tools. The shank of 
tbe bar E is secured by the turret binding screw and an additional set- 
screw In the holder Itself. A tool of this type will produce more ac- 
curate work than the type shown In the preceding llluatratlon, on ac- 
count of the position of the cutting tools with reference to tbe turret 
Indexing. A feature of aome importance la the piloting of the boring- 
bar, as this assists In the prevention of vibration. Care should be 
taken In the design of tool-holdera of this type, that tbe overhang from 
the turret face Is not too great, for it this is excessive, a certain 
amount ot chatter is inevitable. 

Adjustable Taming Tool tot- Short Bushlntrs 

A number of short bushings such as that shown at A In Pig. 4 were 

to be reflniahed on the outside. The bushings were of various di- 
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ameters ranging trom 2'A to 4 Inches, while the lensths varied from 
m to 3 tncbes. The pieces were held on arbors B, In collet Jaws C. 
A split sleeve D was expanded Inside the work by the action of collar 
E and nut F. The bodr of the tool G was secur^ to the dovetailed 
face of the turret by gib H. The tool^llde / la a steel casting dove- 
tailed at P and fitted with an adjustable taper gib to take up the 




wear. The cutting tool K Is iilaced In a slot In the slide and is secured 
by the screws shown. The screw L Is Journaled in a lug at the upper 
end of the slide and enters a steel ttut M In the body of the tool. 
Radial adjustment Is obtained through this screw by means of the 
handwbeel N. The rim of the wheel is graduated and the pointer O 
permits accurate readings to be made. This tool is very good Indeed 
tor light work, and accurate results can be obtained by Its use. When 
two tools are used, a tie-rod Q assists In making the combination more 
rigid. 
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Hold*r tor AdJuataUe Boring- moii Tamlnar-lMUS 
The work sbown at A la Fig;. G Is a cut-Iron pot from which con- 
centric packing rings are to be cat, and the boring and turning are 
done at the same time. Two caat-lron holders S are tongued at 
and secured to opposite sides ot the turret by the screws P. The turn- 
ing- and boring-bars B and C pass through the holders and extend en- 
tirely across the turret The horlng-bar C Is ot the same diameter 
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along Its entire length, and It Is secured in the holders by sboe binders 
similar to that shown at B but located In the sides ot the holders. 
The boring tools E are ot rectangular section and secured by set- 
screws In the Blots at the ends of the bar. The screws F and O help 
to stiffen the ends of the bars where they are slotted. The upper or 
turning-bar Is made In two sections E and M so that the tools may he 
swung radially to bring them Into their proper position when the tur- 
ret Is set off center for turning larger diameters. The end o[ one bar 
is tnmed down at L to fit the hole In the other bar and the screws Q 
make a Arm Joint A set of bars and holders of this kind fs a vei^ 
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useful adjunct to a turret lathe equipment, and It may be adapted to a 
variety of uses. Tbe double tie feature across the turret gives ex- 
ceptional rigidity. 

Piloted Uultlpl* Tumlav Tool tor BMsl Qesr Ttinnh-. 

Tbe automobile Jack-ahaft gear blank shown at A In Pig. 6 Is ol 

alloy steel and It Is held In special chuck Jaws bo that It can be 
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drilled, turned and faced simultaneously. A special tool-block on the 
cut-off slide performs the latter operation, while tbe turnins and 
drilling tools are carried by the turret. The body of the turning tool 
F is made of cast iron and is fastened to the dovetail turret face by 
the gib shown at U. Tbe tool-block K is of steel and is slotted to re- 
ceive toots M and N- An oil groove Is cut at L along the top of tbe 
block and It la supplied with oil from tbe special piping system shown. 
The pipe iS leads to tbe distributing collar T which, in turn, is con- 
nected with the cutting lubricant piping system on the machine. Tbe 
slots In the tool-block are of sufflclent width to permit an ample supply 
of Ould to run down and reach the cutting ends of the tools, thus as- 
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siBtloE greatly In proloDglng the lite of ttie tools and also allowing 
higher cutting speeds. The oll-drllt Q Is held in a steel supporting 
bushing P which flts the body of the tool-bolder. It 1b supplied with 
lubricant through the hole R which is connected to the piping system. 
The steel pilot O Is shouldered at if and is torced Into the body of the 
bolder. The smaU bole J Is put in so that air pressure will not be 
generated when the pilot le pressed Into place, as this would tend to 
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deceive the fitter by making him think be had a good fit when, In 
reality, It was compressed air that made the pilot bard to force in. 
Pilots are sometimes fitted so that they were apparently all right at 
the time when the work was done, and yet when the time came for the 
tools to be used, It was found that they were loose enough to cause 
trouble. The air hole will prevent trouble of this kind. 

A special bracket is shown at B and It Is screwed to the spindle cap 
by the screws C and D. The bronze bushing F receives the end of 
pilot O. and it is clamped by the binding screws E. This metbod ol 
supporting a turning tool Is very successful and asslts greatly ^ per- 
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mlttfng heavy cutting without chatter. Another feature of this tool 
1b the manner in which oil is conveyed to the cutting tools. Attention 
Is also called to the position of the tool-block, this being; at the rear 
of the body so that the thrust of the cut is brought directly against 
the heavier part of the casting. The method of mounting the tools 
Is also a little out of the ordinary. In that the block and tools form a 




unit which can readily be removed, permitting the substitution of 
another block with tools arranged differently, to handle other work 
requiring different spacing. Two turning tools on opposite sides of 
the turret were used for this particular piece, one being; used for 
roughing and the other for Snishlng. 

Double-end Fllot«d Tuminr Tool lor Platoos 
The piston A shown in Fig. 7 is held by the inside on a special 
expanding pin chuck B. The arrangement of tools is that recom- 
mended by the Pratt & Whitney Co., for turning automobile pistons on 
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tbeir horizontal turret lathe. The turning tool-holder C is of cast 
Iron and Is double ended, reaching entirely across the turret, and the 
two ends are exactly the same. The body or arm Is of U-eection and 
It la cored out at the center so that the turret binder-lever can pass 
through It, as shown at G. A careful flt Is made on the dovetail at 
D, and two special bolts F pass down through the body of the tool and 
pull up the gib E against the lower dovetail, thus clamping the tool 
securely. The tool J is backed up by the collar-head screw B and Is 
secured by means of two screws. The steel pilot K Hts the bushing 
Zi In the spindle cap bracket if, as In a previous Instance. It will be 
noted that an air hole Is provided where the shank P enters the end 
at the tool body. In connection with the turning tools a special btoclc 
on the cut-off slide Is used to cut the ring groove In the piston. This 
block and tools are shown at R and Q in the upper view. This style 
of equipment Is very well known and has given universal satisfaction. 
Piston TumlnB Tool hsvliic Adjuatabla Tool-block 

A development of the preceding tool la shown In Fig. 8. It will be 
noted that although the general construction Is about the same, In 
this instance the tool-block Is made separate so that other blocks mar 
be substituted having more than one tool. Considerable adjustment 
Is also permissible by means of slots shown at D. It Is obvious that 
this method of construction requires the tool-block B to be of steel and 
somewhat heavy, so that It will properly resist the thrust of the cuL 
The screws which hold the block in position muat also be of ample 
size. As this particular tool was designed for use in taming and 
boring ring pots, in addition to piston work, the boss E was supplied 
and bored at F to receive a borlag-bar. 

Special Hultiple Turning Tool with BoUer Back-rest 

In a great many Instances the design of an automobile piston la 
such that It Is permissible to center the solid end, and thl^ gives a 
chance to support the end by a conical rest. While the ring grooves 
are being cut some support is essential, and In the case of the piston 
shown In Fig. 9 the use of roller supports in place of a center rest was 
found necessary tor the reason that centering was not permitted. The 
platon A Is held on the special chuck B and the two tools E and F are 
held in a double-end tool-holder. Adjustment Is obtained by means of 
the collar-head screws H and O. The turning tool body C Sts the turret 
dovetail at D and It Is clamped, aa previously stated. The end of the 
pilot K Is cut away on Its under aide In order to dear the gear 
guard I>. The steel supports O are backed up by the screws Q, which 
are also used for adjusting purposes. The hardened and ground steel 
rollers P are hung on the pina 8. (See detail view.) A special tool- 
block M contains the grooving tools A'. This equipment also was very 
successful. 

Adjustable Pllotad Turning Tool tor Larara Diameters 

A somewhat different type of tool Is shown In Fig. 10, this being 
adjustable tor various diameters from the IZ-inch casting A down to a 
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diameter of 6 Inches or a trifle under that size it aecesaarj- TbU 
tool was rather heavy and cumbersome and not entirely successful 
on heavy cuts. On the lighter variety of work, however. It proved 
flatistactory and adaptable. Two tools were used on opposite sides 
of the turret; the fiat steel tie-bar L helped to prevent sagging. 




Yit. 10. Adjutalls Pilatad Tanlnc Tool fu Lu-fs ^nk 

The body of the bolder B la ot cast Iron cored out so that the walls 
ore ^ Inch section, and it Is tonsued aloag Its lower face to fit the 
turret at M. The forward end holds the steel pilot C, which Is sup- 
ported and guided by the bushing D. The bracket B la fastened to the 
head ot the machine by the screws F, thus Insuring a rigid support for 
the end of the pilot. The tool-slide A' contains the tool and it is se- 
curely gibbed by the two steel straps F. A taper gib (not shown) pro- 
vides adjustment for wear on the sides. The bracket E is screwed to 
the top of the tool body and Journals the operating screw H. A grkdu- 



Goo»^lc 



MULTIPLE TURNING TOOLS 45 

ated collar permits accurate settings to be made without trouble. A 
bronze nut In the body o( the slide at J receives the operating screw. 



MultlplB Tumlnff Tool for tl 



1 Vertical Turret Laths 



The vertical turret latbe Is less frequently supplied with multiple 
tools than the horizontal type of machine, for the reason that tbe 
regular equipment supplied by the manufacturers is adapted to a wide 
range of conditions without very much special tooling, and, In addition, 
the clasa nt work for which this machine Is more likely to he used Is of 
such a nature that multiple turniug tools are less likely to be re- 
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quired. There are instances, however, when a considerable increase 
tn production may be made by the use ol the multiple type of tools. 
Take for example the special gear shown at A In Fig. 11. This piece 
of work Is held by the Inside of the rim In special Jaws, and the tools 
In the side-head turret are used to face and turn the gear portion 
while the special multiple tools are at work on the bub. Before the 
operation illustrated takes place, tbe work has been bored, reamed 
and faced on tbe other side. 

The body of the tool H Is of caat iron and It Is fastened to the turret 
face by tbe screws J, while the plug K centers it in the turret hole. 
The turning tools B and F are secured In the slots and a steel cover- 
plate G gives support for the set-screws which hold the Cools in place. 
A steel shank B has a revolving roll C fastened to Its lower end \>j 
the shouldered screw D; this roll acta as a pilot In tbe finished bole. 
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PUoMd MulttDla Tumlns Tool tor niple a«nr Blank 
A radical departure from regular methods la shown la Fig. 12. 
The work A for which the equipment waa designed la a cast-Iron triple 
gear blank. Attention Is called to the fact that In this illustration 
the side-head is shown tn a falae poattlon In order to show the cutting 
action more clearly. The body U of the multiple turning tool ts fitted 
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to the turret and held In position by the screws C. A steel bushing O 
acts as an outboard support for the tool, and it is a sliding fit on the 
pilot P which Is shouldered In the aupportiag bracket A*. This bracket 
Is heavily ribbed and Is fastened to the bed ot the machine. The ad- 
justable washers at M are used to align the bracket properly. A tool- 
block D contains the two turning tools E and F, and the boring-bar K 
Is held In the hub /. The arrangement of the slde-head, In this In- 
stance, ia a little out ot the ordlDary. A special tool-block Q contains 
the two facing tools R and B. and these work simultaneously with the 
turning tools, thereby making production very rapid. 

Mnltlpl* Toolpoat TurrM for the Stde-h«ad 

The cone pulley ahown at A In Pig. 13 was machined In one setting. 

The casting was held by the Inside ot the lower or largest step o( the 

cone and a driver (not shown) was placed agaiost the interior ribbing. 
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as the Jaws vere not Buffldent to bold the work securely asainat the 
cutting action of tlie four turning tools. A special side-liead turret tool- 
bolder was designed for this piece ot work, and the facing and turning 
tools D, E, F and 6 were held In It as shown In the illustration. One 
set of tools was used for roughing and a duplicate set on the other side 
of the turret post was used for finishing. The entire group of tools 
pivoted on the stud B. While tbeee cutters were operating on the 
outside of the pulley, the boring-bar B (held In the main head turret 
and driven by the pin C) was slowly boring out the hole. A forming 
plate was used to give the desired crown to the steps. The production 
could have been Improved If a special turning tool had been used in 
the main head for turning the rour steps of the cone, and the side 
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head used for facing only. These operations could have taken place 
at the same time, and the speeds would have been more nearly correct 
The boring could have been done at a higher rate of speed. How- 
ever, the results obtained with the arrangement shown In the illua- 

trs-tlon were satisfactory. 

liultlpla Tumlntr Tool tor the Vertical Borlnff UUl 
The vertical boring mill Is seldom equipped with multiple turning 
tools, but there are cases where production can be Incressed consider- 
ably by their use. One example only Is given of the use of an equip- 
ment of this kind. Fig. 14 shows a large pulley at A, and this Is held 
by the inside of the larger step In the special Jaws B. The buttons C 
give a three-point support to the work. A special tool-holder D Is 
slotted out to receive the tools E, F and O which are used for the 
turning and boring. The plate H is fastened over one end of tbe tool- 
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holder Id order to tie It together, and the Aller-block J gives additional 
Htreagth while its upper end engages the right-hand ram and acts as 
a driver Another blocfc E ties the lower end of the tool-holder 
together. The left-hand head contains the toolpoat L which supports 
the tool M. This tool is used tor facing while the other tools are 
turning. 
Other Instances of multiple turning might be given, and Illustrations 




shown, but these would he much on the same order as those which 
have been mentioned and would be of no particular value as repre- 
sentative types. Tools have been selected for this chapter which seem 
to best Illustrate the principles of design required in the various 
types. 



DiqitizeabyG00»^lc 



Xo. «7. SsllBTl. 

Jfo. AS. Boilar Tanuee# >Ad Chlmnvri. 

Ho. «t Fud Vktar Applianou. 

Ml. TO. Btum Esfiiua. 

Ko. n. StHun TnrMnai. 

K«. 71. PwnpSi OondaBieTB, StauD ui 

K*. in. Cub ud Bepur of Ou Enfliu 



Mo. 18. LeumatiT* E 
Ifa. O. LooamollTa r 
Vo, M. Looomotive Dhi 



Locomotli 

Sod*. 
S*. U. LocomMii . 

Siitinc Boi 
Vo. n. LocnuiutlTa 



Bnlldix. - 
Balldiaf ' - 
BnlldiBc 



LooomotlTa Baildin. 
tig*. 



t ni. 

I IV. 

-Hiln and E 

-Wlmalai A± 

— CrllndaiB 

'lin HMiim. 



Va. M. LocoiBDtiva Buildinr.^-Eraotuif . 
Ko. M. Bimw»7 Bapafi Sbop Pcuctica. 

ElECTBICITT— STMAHOS Aim HOTOBS 

Va. M, Cara ud Bapalr at Djiiunaa and Hotina 

Ks. Tl. FrlBEiplM and Avplie&tlaBS tl Xlcctrlcltr 





-Butic Elactri^rtf; 
nwBU; Batlariai. 


74. 


Prluiplaa and Applica 
tri-FUtliiK. 


71, 


Frlooftilaa ud Applica 


78. 


— T»lai?«pS mai Tel 


77. 


Frlnclplfli ud Applici 
— Elactrto LightlB*. 


78. 


FiisciplH and AppUc 





IBOK AHS STEEL 


. >S. 


Iron and Btwl. 




HardDBaa Taatisc of Xgtkla, 




Hlfb-ipsad ud Carben Taol S 


. til 


Alia; Stasia. 




roKOIHO 


. 44. 




. 4B. 


Drap For,i=». 




BUckiralih Shnp Traoiloa. 




Bolt, Nut ud KiTat ForsiBt. 




Kachina ToTglni. 


a. lie 


Cold Kaadinf. 



:.— Boilar Shop Fiao- 



Eh-aftlBK-Baom Praotica. 
. Woikisr Dri.iirliiia ; Dra/tlBT-Boam Klak*. 
DrafllBC-Baom BTatenia and Prutloo. 
HachuilDal Srawiiif.— OesDetrloal fra^ 

VechaiilcaJ Dnwlu. — TrajBCHon. 
Kechulcal Sriwini.— Kaohiu Satalli. 



Dl*.CaatlDC Muibliisa. 
Die^Oaitlnr, Dlaa aad Mat 
mSCELLAlTEOVB 



1. tS. Tabloa 



.K-Boora. 



nd Fan 



la far Bhap and Srafi- 



I. 110. Eitraalod af Mstala. 
: lU. MoUl ColoTJiK ud Fll 

: 1B7. Electric ^ 



raldinc. 



MACHINERY'S DATA BOOKS 
Uacri.irry'b Data Books include the material In the well'knowu series of Data 
Sheets published by Mackinekv during tlie past fifteen years. Of these Data Sheets, 
nearly TOO were published and 7,000,000 copies sold. Revised and greatly amplifled. 
they are now presented in book form, kindred subjects grouped together. The price 
of each book Is 25 cents (one shilling) delivered anywhere in the world. 



Ko. 1. Bcrav Thraada. 

Vo. S. Tipa ud Pica. 
Ma. «. Baamen. Sockal 



LIST OF MACHINERT'8 DATA BOOKS 



. Drilla ud ltmtn( Cat- 



Bo. S. Beval, Bplr.1 and Worm 
Bs. 7. BhaftlBC. Keya and Key 
Bo. 1. Beuinxa, Couplings. < 

Be. S. Bprlnca. Slidu ud Mu] 

Be. in. Hotar SHia, Bpeidi id< 

flaarliv, and Borinf Bi 



oicth of Batsriali 



.?lc 



MACHINERY'S 
HANDBOOK 

For MACHINE SHOP 
AND DRAPTINO-ROOM 



A REFERENCE BOOK ON MACHINE 
DESIGN AND SHOP PRACTICE FOR 
THE MECHANICAL ENGINEER, 
DRAFTSMAN, TOOLMAKER AND 
MACHINIST, 



Machipjery's Handbook compriaeB nearly 1400 pages of carefully edited and '■ 

condensed data rclatlDK to tlie tlieory and practice of the machlae-bulldinK '. 

InduatrleB. It Is the first and only complete haudbook devoted exclusively to '' 

the metal-working Held, and contalos In compact and condensed form tbe '. 

Information and data collected by Maciiinerv during the past tweuty years. (' 

It Is the one eesential book In a library of mechanical literature, because it i 

contains all that is of importance in the text^books and treatises on mechanical f 

engineering practice. Price JE.OO. (1£). I 

GENERAL CONTENTS f 

lUtbemftUcftl UUei— PrlnclpsI nethndi ind fonniilai in vithmetlc ud 
tiiionomeuicil Ubl»m — Oeomctrical ptDpoBitiOL^i and protiUmi 



ud proportiea of wiro rope — Fonaulu ud UMo* fur iprini doalgn — ToMlodil ItHUcUl 
~^lULftiDI— Friction— PUiu, roller ud biU bei.riiii>— Krya ud kcTwayi—ClulcllH ud 

(nuinj— 8pit«l (Hiring— HorrioBllono roirins— Worm I8«rin|— Epiojclie jou-inr-JMUnr 

machins dsUlli— Spondi ud fetdi of muhitie tooU— Shrinkage ud forco flt allowaac*!— 
Heuurinf tooti ud (aging raellmda — Changa geari for ipiral ni<llioK~XiUins. muhias 
Indcilng— JIga and lliturei — OriDdinc and trlndlog wheels — Screw thread ayitemi imd 
thread t'l" — Tapt ud threading diet — Mailnf caltera — Koameri. connteihotw ud 

hardneii of metali — Foundry and pattern ihop Information — The welding of metali — 
Autofenoui weldinr— Thermit welding— Hichine welding- Blachimlth >hop InfonnatiDB 
— Die cuting — Eitruiion ptoceii — Soldering and brulng — Etching ud etching flvida — 
Coloring metali — Hachinory foundation! — Application of motor! tc machine tseli — Dynuna 






MArniNERY. the leading journal in the machinp-bullding Held, the originator 
o( the 25-cent Reference and naln Books. Piiblinhed monthly. Subscription, 
f2.00 yearly. Foreign subscription, |3,00. 

THE INDUSTRIAL PRESS, Publishers of MACHINERY 
140-148 LAFAYETTE STREET NEW YORK CITY, U. S. JU 



; §5 CE 






DiqteMwGoOl^lC 



MACHmSRY'S BEFEBBNCE BOOKS 
ThiB book is one of a remarkably succcBsful serlea of 26-cent Reference Books 
listed below. These books were orlgliiated by MACHinxBT and comprise a complete 
working library of mechanical literature, each book covering one subject. The prlc« 
of each book Is 26 cents (one shilling) delivered anywhere In the world. 

OULSBI7IBD LIST OF BHFSBBNOB BOOKS 
eZnUO. lUCSnra shop r&AOnCZ Xs. 1M. Dulaaiac ud CatOat Ouu far tk* Am- 

Ko. T. Lath* taA Plun Togli. tamatlo >w.ir lb «. 

Ma. M. Exunplu of MuiUa* Bhttg Pnstlo*. 
IT*. U. Dmp Halo Srillliii, 
V*. U. Sum Thrud CnttlBC. 
V*. U. FUu mi riUnc, 
V*. H. AlMmbllBt XaoUu Timll, Put I. 
V*. n. AuusbllBC KuUiu ThIi. Put n. 
Vo. ST. MMal Bplanliw. 
V*. M. MhUbm, Tm1> tad llttlMd* ff i 

■uftUla Xmm/uitHTa. 
Vo. 11. Opantko tf Tb* Uitbt, ?ut. I. witiau' 

K*. M. Oparatlaa af Tha Lath*, Part IL 5^3^ CALCULATIOMB 

Vo> M. Oparatlaa af Plaaar, flhapar aad SlattoT' 
I of DtUUny lUsUai 



IDl. OInmlar FonniBC aad Oat^ff Toala f« 

Aatonatlo Ban* Kaolilna. 
IM. ZitanU CatUni Taal* for J^Uiutia 

Baraw XkoUaM. 
IM. latanal Outtlac Tool* for Aatomatla 



'Uaf Opar&tlaBa on Aaton^tla ftoraw 
CnB DriUiat, BuTfnt aad Blattlaa Or- 



DparatlsK af Baring Xaqhla aot 
Opara:tl«a of XlUiBC XBoUaaa, Put I. 



Shop Aitthnnlo far 

AdTuoad B^f Arllkmatlo far tka Xa- 



Opnatlw of IHm»« KaoUata, Part n. .lithoile TaWaJ "~^^~"»"" "^ 

Mr. H. OpsTktloa ef OriBdlnc Mmtliiai. jf,, m, BelntiaB of TrlantU*, Part I. 

Va. lia XassfaotBra of Btaal Ball*. Xa. U. Balntiaa of IrUscUa, Part tt. 

Ma. IM. Arban and Work Holdiar Doiioea. -».„___,„., _„—,.»,«. 

«.. Ul. Kaddnix Taparad ^ iji^«iM t«. TMOMnCAL nCKAnOB 

faoai. Xa. S. Pint Prlndptaa of Thaaratiaal Xaahaaloo. 

K*. lit. BroaoUai. Ka. U, Vat of Formalia In Moeh«iiliia, 
Ha. IH. Oaltlx Lnbrloaata. OIABIBO 

Xa. IM. fiarlat. Xaaaaalar and Xaltlpla Toniac _ 

Xoala. Ve. 1. wacin Oaaria*. 

TOOLXAKIMa "'■ "■ "P" O"''^- 

„ „ „ ^ «i- , "•■ *■■ "I*™! flaapia*. 

Vo. BL Xoanrlv Tort^ j,, „_ j,^ Ooari«. 

Xa. II. Baraw Tlmad T«l. aad Qaraa. ^^ IM. Hab. aad Oaat HohWa,. 

Xa. M. Oala Haklai and Lapplac. „,_^„ „ „.__™_ __— .» 

Xo. 107. Drap Pardn. Dia. «>d Dio SlaUa.. OEJTEaAL XACHIXE DXRVX 

Xa. IM. OttUit T»li ud Xathoda. Xa. 9, Itaiiiniac and Cattlac Caau. 

Xo. lit. Fradalaa LeoatlBC and DiTidlac Xatliadi. Na. 11. Baarlnri' 

>. 11. BIransth of CrllBdan. 

_j. H. Ezaaiptoa af Galonlatlaf Daatg a a. 

Boftt-tnatmaM of Btaal. j,a. U. Plj-liaala. 

nOB AXS FIXTUBES Xo. H. Ball Baatiafi. 



SriU Jlfa. 
KlUlac Plitiin 



aad EUlptla Bpriafa. 
Till Ttaaor; of Uitlakan and Panad PIU. 



Xo. 41. Jlfi aad Flxtiuaa, Part I. HACHIXB TOOL lUtBIBX 

Mo. U. IlM Uld n.t»r.fc Part tt ,, „^ I^^,l. ^ ^„fci„ ,^ ^..j^ 

Xa. U. Jl,. and Platura.. Part d. j,,_ ^^ j,,^^ j„l ^,^ 

PITXCX AMU SB WOXK Nd. 111. Latha Bad l>aal«B. 

Xo. I. Panok aad Dlo Work. Va. IIS. HaoUna Btapa, Trlpa and LooUac Sfr' 
Xo. U. Blaaklnf Dlaa. 

Xa. la Kadara Punch aad Dii OonitnatlH. OXAMX DZSIftX 

Xa. Ua Srawlac, Pormiat aad Bandiac Qlei, ](,. tj. Thaair of Omne Saalfa. 

Xo, 111. Sla-maklBK Prantica. Xa. IT. Zlactile Orarhaad Ciuaa. 

Xa. lU. Xodan BlauUni aad Plarelnc Mea. Xa. «. Oirdtra for ElaoMa Onakaad Cnaaa. 
AtrrOKATIC BCBEW XACXIXE VOU BTZAX AMD OAS EXOtXn 

Xa. M. Oparallaa of Brow* ft BkariH AatoBtUa Xo. W. FanaaUa 

Boraw HaeUnai. Datlfa. 



nX IXSIDZ BACX COVXB FOB ADDITIOVAI, nTtll 



Goo»^lc 



MACHINERY'S REFERENCE SERIES 

EACH NUMBER IS ONE UNIT [N A COMPLETE UBRARY OF 

MACHINE DESIGN AND SHOP PBACTlrE REVISED AND 

REPUBLISHED FROM MACHINERY 



NUMBER 129 

CARE AND REPAIR OF 
GAS AND OIL ENGINES 



CONTENTS 
Internal Combustion Engines --_.._ 3 
Compression ----____. .13 

Carburetion ------.-.-20 

Ignition ------------28 

Lubrication -----------37 

Cooling Systems ------ ----40 

Installation of a Gas Engine 44 



:vGoo»^lc 



PREFACE 

This Reference Book has been pr^ared mainly from a Beriea of 
notes complied b; J. L. Hobbs, who has had a long and varied experi- 
ence with the care and repair of gaa and oil engines. Much valuable 
information has also been abstracted from the publications of various 
manutacturers of gas and oil engines, especially from material ob- 
tained through the courtesy of the International Harvester Com- 
pany of America, the De La Vergne Machine Company, and the West- 
Inghouse Machine Company, 



DiqitizeabyG00»^lc 



INTRODUCTION 



nmiRNAL OOMBTTSTION BNOIMSS 

Wliile there are a great many books dealing with the theory and 
design of gae engines, as well as their operation, there has been a 
great lack o( information relating to the care and repair of gas en- 
gines. Those that have devoted themselves to the work of gas engine 
repair have largely obtained their knowledge of the subject by practi- 
cal experience. The author of this treatise on gas engine repairs has 
been forced to obtain bis knowledge In this way, which, after all, is 
the best, although It Is often a slow, expensive and difficult one. In 
order to make it easier for others who are engaged In this work or 
who Intend to enter Into this field, the most Important points relative 
to the care and repair at gaa engines have been put down In the fol- 
lowing chapters, thereby providing a means by which others may 
find It easier to become familiar with this subject. 

There has always been an air of mystery surrounding the gas en- 
gine. Often everything seems to he In the best condition and yet the 
engine may refuse to start or may not develop Its rated power. The 
fact Is, however, that, as a rule, the troubles likely to arise are easily 
detected, providing one has the knowledge to look For the causes of 
the difficulties at such points where they may arise. Under the 
four heads of "Compression," "Carburetlon," "Ignition" and "Lubrlca* 
tlon," practically all of the ordinary difficulties that arise In gas en- 
gine operation are dealt with; special chapters on cooling systems and 
on installation have been added, the latter giving Information to 
owners and others to whom the installation of a gas engine plant may 
be entrusted. 

It may be said, in a general way, that any gas engine which baa 
proper compression and receives the proper mixture of fuel and air 
from Its carburetor, and, In addition, Ignites this mixture at the 
proper time, and the moving parts of which, Including the Inside of 
the cylinder and the outside of the piston, are properly lubricated, 
will run and will develop the power It is Intended to develop. When 
anything goes wrong with any of theee conditions, the engine will 
give trouble, and It Is the purpose ot the following chapters to ex- 
plain how these troubles may be avoided or remedied. 

Principles ot the Intemal Comtnistlon Sngdne 
The gas engine and oil engine are practically identical as far as the 
principles of their power producing qualities are concerned, both being 
Internal combustion engines, that Is, engines which derive their power 
from an expansion of gases caused by burning a mixture of gas, or a 
gasified liquid fuel, and air in their cylinders. Of the various fuels 
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that can be used to produce the esploslve mixture, gas, Kosollne, kero- 
sene and alcohol are the moat commonly used. 

It may be well at the outset to explain the dlRerence between the 
so-called two-cycle and the lour-cycle engine. In the lour-cycle en- 
gine, which la moat commonly used, there are four distinct move- 
ments or cycles necessary 'or one power Impulse to the crankshaft. 
The first of these strokes Is the Intake stroke, which Is made with 
the piston moving towards the crankshaft and with the intake valve 
open; the cylinder Is now being filled wlt/h the explosive mixture. 
The second or the compression stroke Is made when the piston ts 
forced back against the mixture which has Just been drawn in during 
the Intake stroke. During the second stroke all the valves are closed 
and the proper compression of the mixture secured. Then, Just as the 
piston starts back towards the crankshaft on Its third stroke, all the 
valves still being closed, the charge la Ignited, the explosioa occurs 
and the power of the explosion Is conducted to the crankshaft. As 
the platan now reaches the end of this stroke the exhaust valve Is 
opened and remains open while the piston returns tor the fourth 
stroke, thus expelling the exhaust gases In the cylinder. This com- 
pletes the four cycles and requires two lull revolutions of the crank- 
shaft. The flywheel Is depended upon to store enough energy to keep 
the engine moving at a fairly uniform rate of speed during the com- 
plete cycle. A camshaft is provided to operate the valves In such a 
manner that they will open and close at the proper moments during 
the forward and backward strokes of the piston. 

In the two-cycle engine a power impulse Is transmitted to the crank- 
shaft for each revolution. There are two models of this type of engine. 
In the one an auxiliary cylinder Is used to compress the gas and force 
It into the mala cylinder at the proper time. In the otber type an 
air-tight crankcase la used for this purpose. When an auxiliary 
cylinder is used. It is operated In the reverse order from the power 
cylinder, so that a charge Is entered Into the main cylinder Just when 
the exhaust port In this cylinder Is cloeed, and in this way the Intake 
and exhaust strokes are eliminated, giving a power stroke for every 
revolution. The incoming charge is necessarily mixed to some extent 
with the exhaust gases not yet thoroughly driven out, and for this 
reason it Is generally conceded that the two-stroke engine Is neither 
as economical nor as reliable as the four-stroke or four-cycle engine. 
Its advantages, however, are light weight and a more uniform appll- 
cation of the power, and because of these features it Is extensively 
used, especially for marine engines. 

Principal Forts o( Gas and OH Enarlnea 

The principal parts of an internal combustion engine are the 
cylinder, piston, connecting-rod, cranltsbaft, flywheel, valve gearing. 
inlet and exhaust valves, mixer or carbureter, igniter, and governor, 
with a base on which the various parts are mounted. The cylinder, 
with its head, is either provided with a water Jacket through which 
the cooling water Is circulated for keeping down the temperature of, 
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tbe cylinder walls, or It may coaelst of a single shell wltb projecting 
rtba for radiating the heat to the air. The piston is provided wltb 
packing rings to prevent the combustion gases from leaking past it 
The inlet and exhaust valves serve the purpose ot admitting and dis- 
charging the combustible gases at the proper momenta, the valve gear- 
ing governing and timing their action. The mixer or csrtiureter is 
used for vaporizing or gasiFytng liquid fuels and mixing them with 
the proper amount of air to obtain the explosive mixture of right pro- 
portions. The igniter Is timed to Ignite the compressed explosive 
charge at the given moment, and the governor is designed to make 
the speed of tbe engine uniform within certain predetermined limits. 
It may regulate tbe speed either by regulating the amount ot mixture 
for each charge, as In the case of the throttling governor, or by pre- 
venting Ignition and explosion of power charges In cases when the 
speed Is above normal, as In the case of the "hit-and-miss" type of 
governor. 

The governor of a gas engine must be In perfect working order. 
Tbe type generally used is some form of fly-ball governor, the same 
as is almost universally employed on steam engines. This governor 
is operated by the action of the centrifugal force pulling against 
springs which tend to hold the fly-balls near each other. On the "hit- 
and-miss" type of engine, when the governor runs above a certain 
speed, it forcibly prevents the exbauat valve from closing, thus allow- 
ing tbe engine to run without an explosion or to miss an eiploBlon or 
two until the speed decreases enough for the governor to release the 
exhaust valve, when the explosions begin again. In some engines, the 
governor also controls the sparking device and eliminates the spark, 
except when It Is needed to ignite a charge. This saves the batteries 
materially. Some engines are provided with a device which locks the 
Intake valve when the exhaust valve Is held open by the governor. 
This Is a valuable feature as It saves fuel. 

"When the throttling governor is used, a device Is provided in the 
intake pipe to regulate the amount of gas passing to tbe cylinder, 
only enough being allowed to enter the cylinder to retain the speed. 
The Instant the load Is put onto the engine it will alow up slightly, 
and then the throttle will open Just enough to maintain the speed. 
This governor Is superior to the one of the "hlt.and-mlsB" type as far 
as steadiness of power and speed la concerned, but it Is claimed that 
the "blt-and-mlss" governor is more economloal, providing the Intake 
valve Is closed when the exhaust valve Is held open by the governor, 
and for burning gasoline, the "hIt-and-mIss" type Is probably the best. 
When using other fuels, the throttling governor seems to be prefer- 
able, because the less volatile fuels require the Increase of heat made 
possible by the operation of this type of governor, where combustion 
takes place for every cycle. 

The exhau«t valve Is operated mechanically by some form ot ec- 
centric or cam on the camshaft, the valve being opened at the end of 
the power stroke by means of this cam. A spring is used for closing 
the valve, but some positive means must be provided to open it 
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On aome engines the intake valve 1b operated In a similar manner, 
except that It opena at the begtnninE o[ the suction stroke and closes 
at ttie beginning of the compression stroke. When this valve is not 
m«cltanlcally operated, it Is allowed to open automatically and is 
closed by the spring which is provided for that purpose. When the 
Intake valve 1h opened automatically, a- spring Just strong enough to 
keep the valve closed ts used so that the auction of the platon on the 
auction stroke will open the valve to admit the charga As long as 
this valve spring holds the proper tenalon, the arrangement will work 
to good satisfaction, but If the spring Is too weak or too strong it will 
cause trouble. On new engines it ts frequently fovnd that the Intake 
valve Is stuck fast with paint In that case, a little kerosene on the 
stem and a few movements ot the valve by hand will loosen It 

On some engines a compression relief Is provided to assist in starting 
the engine. This opens the exhaust valve slightly during the com- 
pression stroke and allows the spring to close It again, giving com- 
preseion enough to start the engine, but not enough to Interfere with 
the turning ot the engine over the dead center. 

In most engines all the principal bearings are made In halves and 
separated by thin ahlms which may be removed as the bearings wear, 
BO as to always insure a snug fit tor the parts to lit In them. All bear- 
ings should be kept as tight as is permissible and yet let the engine 
run freely. A knocking noise which is caused by a loose hearing 
should never be permitted, as It will soon destroy. the bearing. 



It Is always best to have some regular way In which to start an 
engine. The following method is recommended by The International 
Harvester Company; 

1. See that the fuel supply Is ample. 

2. Oil the engine thoroughly with gas-engine oil, filling every oil cup 
and noting carefully Its adjustment. 

3. See that all nuts are tight and that all parts are secure. 

i. Close the battery switch and see that the Ignition system Is 
in good order. It is best to remove the wire from the stationary 
electrode and try tor a spark by brushing this wire against the circuit 
breaker ou the engine, or test as follows ; If batteries are used, test 
the battery current by closing the switch, dlscounectiug the end of 
one of the wires and brushing it against the Irinding post to which 
the other wire Is attached If a bright spark does not show every 
time the wire is snapped or slipped off the binding post, there Is 
something wrong with the current or the coaductora. It may be a 
: disconnected switch, loose wires, or exhausted batteries. If there is 
a good spark on the end ot tbe wires, and a weak one or none at all 
at the point of contact of the electrodes, there Is something wrong 
In the sparking mechanism ot the engine — the mechanism is either 
corroded, gummed up, short circuited, or out of adjustment 

G. Try the valves to see if they operate freely. 

6. Turn on tbe cooling water, If a water-cooled engine. GoOqIc 
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When property set, the engine should start with two or three turns 
of the flywheel. It la not necessary to turn the engine for a long 
time. If It does not start readily, It Is time to begin to examine the 
parts eystematically Id an effort to 9nd what Is wrong. 
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Troubles that Prevent StartlnB- 
The troubles which may prevent starting an engine may be due 
either to loat compression, faulty ignition, slow vaporization or the 
fuel lu cold weather, not enough Tuel, too much fuel, or water In the 
cylinder. These various dltBcultles will be referred to in the follow- 
iDg chapters under the headings of "CompressloD," "Carburetlon" and 

"iKttltlOU." 



After stopping tbe engine, close all oil cups and all needle valves, 
and drain the water from the cylinder Jacket and from the cooling 
tank. If the engine is to be shut down for a short time only, and there 
is no danger from freezing, the cooling tank need not be emptied each 
time. See that the exhaust valves are left closed to prevent corrod- 
ing of the valve eeate and injury to the Inside of the cylinders, and 
be sure that the battery switch is left open. If an oil engine, the 
kerosene and water should be shut off before stopping, and the engine 
run on gasoline for a minute to clean the water and oil from the 
cylinder and valves. 

Every time the engine Is stopped the operator should take a wrench 
or a set of wrencbes and go over every nut on the engine to make eure 
it is tight A few minutes spent this way each dajt will greatly in- 
, crease tbe life of the engine. Any part that shows wear should be 
taken care of at once, for If It Is allowed to wear, on It will cause some 
other parts to begin to wear also, and the life of the engine, as a 
whole, will be shortened. There is no reason why an engine properly 
taken care of should not look as good as new after having been run- 
ning for Ave years, and it protiably does not require, under ordinary 
conditions, more than about ten minutes a day to give an engine 
enough attention to preserve It In good condition. At the same time 
as the nuts are tightened, all parts of the engine are wiped dry and 
cleaned, as In doing so the engine Is also given an inspection that all 
parts are In good condition. The cost tor repairs will be greatly 
minimized If this care Is given to gas engines. 

Cere ot the Ensine 

It 1b advised that as far as possible one man only should be held 
responsible for tbe care of an engine. Two advantages are gained 
in this way: the operator will get a thorough knowledge of the 
engine, and failure of tbe engine to operate will not be due to errors 
on the part of others who are Incompetent or not familiar with the 
working of the mechanism. 

It Is very Important that tbe engine be kept clean. When an engine 
is run regularly every day, the piston and valves should be removed 
from the cylinder and these parts and the cylinder Itself should be 
washed with kerosene or gasoline at frequent intervals. When tbe 
engine Is used only intermittently, the number of times it la neces- 
sary to clean the engine will depend upon the conditions, but In order 
that It may work properly it should In no case be allowed to stand 
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more tbau six moDths wltbout being dismantled and thorouKhly 
cle&ned. The Igniter should be removed about once a week and tbe 
points of the electrodes cleaned with sand paper or with a line file. 
Tbe elements of a wet battery shoald be removed about everjr six 
months. 

Beplaoinir a Worn Babbitt B«aiinar 

A worn babbitt bearing can be replaced by anybody, even If he has 
iiad no previous experience with this work. To babbitt a one-piece 
bearing, cover tbe shaft wltb ordinary laundry soap and place it in 
the bearing In the position it will have when It is to run, and fasten 
It securely. Pour In the babbitt at the highest point of the bearing. 
The shaft and box must be heated previously, so that the hands can- 
not touch It and the babbitt must be hot enough to burn a stick of 
wood when Inserted into it. Both ends of the bearing must be stopped 
OS, except for a small hole Into which tbe babbitt Is poured. A piece 
of wood should be driven into the oil hole until it touches the shaft 
After having poured the babbitt Into the bearing, allow It to cool 
thoroughly before making any attempt to turn the shaft The shaft 
may turn a trifle hard at first, and. In some cases, it may even be 
necessary to drive out the abaft and to ream the babbitt to get a 
good fit. 

A two-piece bearing Is handled In practically the same way, except 
that only one-half ot It Is babbitted at a time. The outer half of tbe 
bearing Is first removed and laid to one side, tbe shaft is fastened 
in exactly the same position It will have when running, the bearing 
should be perfectly level while pouring, the end of the bearing is 
stopped off wltb any heat-resisting material, and enough babbitt ie 
poured to run around the shaft and All the box halfway around it 
The babbitt is then dressed down emoothly after It cools, even with 
the top of the lower half of the bearing box. Cardboard la now fitted 
entirely over the lower half of the bearing, tightly up against the 
shaft The top half of the 'bearing Is now placed in position, fastened 
securely and the ends stopped off with heat-resisting material, and the 
babbitt poured into tbe oil hole until the bearing Is full. The oil 
hole 1b drilled out after tbe top half Is removed, and the bearing is 
complete and ready to run after cooling. 
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CHAPTER I 



The power dftreloped by an engliie Is largely determined bj* the 
cempreesloD tn tbe cylinder. "If the engine Is not deTeloplng Its 
power," says Leslie tn tbe £niiine Operatof'a 0*ide, "look lor loss of 
compreaalon." 

The compression space Is usually about ODe-Fourth of the entire 
cylinder space, the compression space being that part of the cylinder 
space between the piston and tbe cylinder-head when the piston Is 
at Its extreme Inner end of the stroke, and the cylinder space the 
complete space behind the piston when the latter Is at the extreme 
outer end of Its stroke. In a fourcycle engine the cylinder space Is 
entirely filled with a mixture of air and combustible gas on the 
Intake stroke. Then on tbe compression stroke this amount of com- 
bustible mixture Is compressed so that It occupies about one-fourth o( 
the space formerly occupied. It Is the degree of the compression that 
determines the power the engine will produce when the compressed 
cbarge Is Ignited. 

Dnportanoe at Qood Compreealon 

Tbe object of compression In an Internal combustion engine cylin- 
der is to insure rapid ignition of the gases to be consumed, thus 
insuring tbe highest degree of heat and tbe greatest expansion ol 
the gases, thereby giving more powerful Impulse to the piston. The 
slower the process of burning In the cyllncter is, tbe less vigorous is 
tbe expansion. Hence, if the compression Is good, the particles of the 
combustible mixture are closely crowded and will burn quickly, and 
a higher degree ot heat and a more powerful Impulse to the crank- 
shaft Is Insured. 

Tbe compression of a gas engine thus takes place in the air-tight 
chamber at tbe closed end of the cylinder. In which the mixture from 
the carbureter Is compressed to from 60 to 75 pounds per square inch. 
There are a number ot difficulties met with which prevent good com- 
pression. We will suppose that we have to do with an engine where 
the compression U found to be defective. The flret thing to do In a 
case ol this kind Is to take bold of the flywheel and move the engine 
forward, listening for any bisshig sound which might aid In finding 
where the leak is that prevents tbe proper compresBloa from being 
obtained. 

Oartxm DoDoelts on tbe Piston 

If tbe leak Is not located directly by this means, release the con- 
necting-rod from the crankshaft. As a rule, tbe connecting-rod Is 
attached to the crankshaft by means of two bolts. Then remove the 
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piston from the cylinder by pulling the piston out towards the crank- 
shaft. After having pulled out the piston, examine Its head carefully. 
It will be found th«t the end of the platen head la covered with a 
black coattn? of carbon; this coating will vary In thickness from a 
thin film to as much as one-half Inch. If carbon has accumulated to 
a depth above one-eighth Inch, It will, in a properly designed com- 
pression chamber, raise the number of pounds pressure of the com- 
pression to such a point that the vapor will be filed before the proper 
time, which Interferes with the running of the engine. This firing 
ahead of time, or "pre-ignltlon," will be explained In Chapter III, 
under the bead of "Ignition." 

The carbon on the piston head must all be scraped off until a clean 
surface Is obtained, and the carbon in the compreBslon chamber of 
the cylinder must also be removed in order that the engine may be 
restored to its original condition. The square end of a flat file can 
generally be used for this work, although If the carbon deposit Is 
baked on In the form of a hard crust. It Is sometimes necessary to use 
a cold-chisel and hammer. When the latter method is used, care must 
be taken not to pound hard enough to break the parts from which 
the carbon deposit is removed. After the removal of all the carbon, 
the piston must be further Inspected to And the cause of the leak. 
OTAcks or Sand-holea in Piston 

Examine the bead of the piston for a crack or a sand-hole. A very 
small hole will cause a serious leak at this point. If a crack Is 
found which cannot be sealed with some good Iron cement or welded 
by the oxy-acetylene process, It will be necessary to replace the piston 
with a new one. If a sand-hole should be found, the trouble can be 
easily remedied hy drilling out the bole with an ordinary drill and 
countersinking the hole a little on each side, and then putting a piece 
of iron Into the hole, this piece being about one-eighth Inch longer than 
the length of the hole. Then, with a light hammer, rivet one end of the 
piece of Iron, the other end, meanwhile, resting upon some solid sup- 
port; then turn around and rivet the other end, and the leak will be 
stopped up permanently. 

loQusiiee ot Poor Lubrication 

Poor lubrication of the cylinder will cause a loss of compression. 
This difficulty Is Indicated by a peculiar blowing noise in the cylinder 
at each impulse, being due to the fact that the lack of lubrication 
permits part of the compressed gases to pass by the rings. The 
trouble is overcome by adjusting the lubricator means In such a way 
that a freer flow ot oil is allowed. If the cylinder has been running 
dry for some time, the piston should be taken out and the rings, piston 
and inside of the cylinder walls cleaned and Inspected. 

Bemovlnff tbe Piston Bluga 

For a thorough examination ot the piston, remove the rings by 

using thin pieces of metal under them to prevent them from slipping 

back into the grooves. The rings can then be slid over these pieces 
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In order to take them off the plBtoD. After the rings &re out of the 
war> attention must first be directed to the i:rooveB In which the rings 
fit. First examine these for carbon deposits. If any I'oreign matter Is 
found there, remove It, leaving the bottom and' aides of the grooves 
smooth and bright Then take one of the rings and. without putting 
It onto the piston, fit It Into the groove to which tt belongs and see 
that tt fits closely, but at the same time works freely all the way 
around the platon; continue this test with all the rings, fitting them 
into their respective grooves. It a ring fits loosely, it must be replaced 
with a new one which fills the apace. 



rig. 1. B«tlaiul Vi«w of Oa Enrtna CjlfDdar-hskd 

Before replacing the rings, slip the piston back into the cylinder 
and move It from side to side and up and down, watching all the time 
tor detects in the fit between the piston and cylinder. There should 
tie Just room enough for the piston to work treely and there should 
be the same space on all sides. With a horizontal engine, there is a 
strong tendency for the piston to wear on the top and bottom. It this 
wear is noticed, the same defect must be looked out tor on the Inside 
Walls of the cylinder. This matter will be considered later. 

While continuing the examination of the piston, : 
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pla which pBSBBB through the piston and the end of the connectlnc- 
rod. If there la &ny wear In this pin, It will cause a knocking sound 
In the cylinder when the engine Is running. In some engines means 
are provided for taking up this wear, but when no means are pro- 
vided. It may he Decesaary to put a new bushtng into the end of the 
connecting-rod. If this does not remedy the trouble, a new piston pin 
will also hare to be provided. In all engines means are provided for 
fastening the piston pin rigidly to the piston. 

The piston la now ready lor replacing the rings, which may he done 
In the same manner in which they were removed. Care ehould he 
taken in replacing old rings, because when they have been exposed to 
the Intense heat on the cylinder tor some time, they become very 
brittle and will break easily. The same care ehould be exercised with 
new rings, as there Is danger of springing them out of round, which 
will prevent them from fitting the piston properly. Do not replace 
the piston before a careful examination of the Inside of the cylinder 
has been made while the piston is out of the way. The indde of the 
cylinder should be perfectly smooth, round, and bright with a coat of 
oil. The piston should also be covered with a flue coating of oil when 
removed. 

DefeotB oa the Inside Walls ot the Cylinder 

We will assume that Instead of finding the cylinder perfectly smooth 
and bright on the Inalde, we have discovered some brown streaks on 
the top or bottom of the bore. Ttiese brown streaks are caused by the 
fire from the explosion escaping past the space between the rings and 
the cylinder. This may have been caused by worn ringe, and if we 
have already renewed the rings, this will probably remedy the trouble. 
However, it may not be caused by worn ringe, but by Irregularities In 
the diameter ot the cylinder at various points. In order to make sure 
ot this, take an ordinary caliper and fit It to any part ot the Inside ot 
the cylinder. Then pass it back and forth from one end ot the cylinder 
to the other, turning it a little each time until the entire surface of 
the Inside of the cylinder has been tested. If this test does not reveal 
any Irregularities, the cylinder Is in good condition and the trouble 
must have been with the rings. If this test reveals Irregularities In 
the Inside dimensions of the cylinder, It must either be rebored and 
the new piston and ringe fltted, or it must be replaced with a new 
cytinder. 

Defects In the Inside walls of a cylinder which was perfect when 
new, may be caused in two ways, either by overheating or by scratch- 
ing or scoring. Overheating has the same eOect In water-cooled en- 
gines as in air-cooled. It Is caused by the failure ot the cooling sys- 
tem. In the air-cooled system, It is generally caused by the tan belt 
being too loose or entirely off. In the water-cooled cylinder. It may be 
caused by a clog In the water-cooling system, which prevents the water 
from circulating, or it may be caused by the failure of the operator 
to supply the circulation eystem with water. The effect ot this failure 
of the cooling system causes the metal In the cylinder to expand 
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naduly because of overheatlag. As ttie Inside of the cylinder is sub- 
jected to a considerably more severe heat than the outside, the metal 
on the Inside must expand more than that on the outside, and this ex- 
panding metal must Qnd a place somewhere. It generally buclcles or 
warpB back Into the cooling laclcet, leaving a space between the 
cylinder and piston. It It does not do this, it is forced in against the 
piston, causing a binding on the piston which generally is the reason 
for scratches or scores on the inside of the walla of the cylinder. In 
either case, there will be a loss of compression and the engine will 
give less favorable service than It the cylinder were perfectly round. 
It the cooling system is at fault, this trouble must, of course, be 
remedied as explained In Chapter V, on "Cooling Systems." 

Having the Internal parts removed, It Is advisable to look into the 
compression end of the cylinder to see whether there are an; cracks 
or sand-boles or any other detects which would allow the compressed 
gases to escape. It anything is found detective, It must be remedied 
before going further. The more nearly air-tight the compression 
chamber Is the better service the engine will give. 

We will now assume that we have remedied every known trouble 
which may affect the compression In what we might call the piston 
end of the cylinder. We may, therefore, replace the piston and con- 
nect the connecting-rod to the crankshaft, care being taken to leave 
no lost motion at either end of the connecting-rod in doing so. There 
are generally thin shims provided in the bearings at the crankshatt 
end, which may be removed when the bearing is too loose, to allow 
the bearing to be clamped a little tighter around the crankshaft 
These bearings should be Just as tight as possible (while yet running 
freely) eo that no movement can be observed between the parts. A 
properly tightened bearing will run much longer without giving 
trouble than one having a little play. 

Valve Troubiafl 

Attention Is now directed to causes for lost compression at the 
other end of the cylinder. The valves are a frequent cause of loss of 
compression, especially the exhaust valve, because all the hot gases 
from the cylinder must escape through this valve. The Intense beat has 
a tendency to warp the metal of the valve out of shape, as well as to 
make the valve surfaces rough or pitted. A slightly pitted valve may 
be put Into shape again by removing the valve stem, and placing a 
small amount ot valve grinding compound, or emery flour and oil. 
between the valve surfaces; after this is done the valve Is placed 
again in Its seat and turned back and forth until a perfectly smooth 
seat Is obtained. When the valve Is warped it must be replaced by 
a new one, which should be ground into its seat In the same way as 
a pitted valve. 

Valves are placed In the cylinder by two methods. In one case the 
valve Is seated directly on the Inside of the cylinder head. In which 
cose sometimes a small removable ring Is fitted Into the head and the 
seat made In this ring, or the valves have seats machined directlTibi 
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the bead. The object of removable seats la to eave the expense of a 
new cylinder head when the valve seat becomes worn. The other 
method Is to seat the valvs Into a valve cage and then fasten this 
cage to the cylinder from the outside. Both of tbeee methods have 
their objections. In the first case. It Is necessarr to remove the 
cylinder bead when ^Indlng-ln the valve seats. In the latter case, 
the cage can be removed tor Erlndlng-ln purposes, but an extra Joint, 
which must be kept alr-tlgbt, enters tn the design. When the cage 
]s set In the cylinder from the outside, an alr-tlght, Breproof gasket 
Is generally used to prevent a leakage of compression. When this la 
not provided, the cage must be mounted on the cylinder by means of a 
ground Joint, the same as the valves. 

The Intake valve Is continually admitting cool charges of gas to the 
cylinder. This keeps the valve comparatively cool and as a result 
there Is very little trouble with the Intake valves, although It is good 
policy when grindlng-io an exhaust valve to examine the Intake valve 
also. The same method is used for the grlndlng-In of all valves. 

Other Dateots and Troubles Likely to be Met Wltb 

Besides the detects In the gas engine, which are noticed by the eye 
and the sense of touch, many defects can be detected by the sense of 
smell and hearing. The sense of smell will tell when a bearing is 
running hot, and will also aid In determining when the combustible 
mixture Is about right An odor of gasoline in the exhaust is evi- 
dence that too much fuel Is being fed into the carbureter or mixer. 
By the ear, a number of gas engine troubles may be determined, as 
any knocking sound is easily detected and located by the practiced 
ear. A hissing sound Is an indication that some ot the compressed 
gases are escaping. A squeaking sound indicates that a bearing needs 
lubrication. A coughing sound through the intake pipe Indicates that 
the mixture la too weak. A smothered exhaust Indicates that the mix- 
ture Is too rich. An expert becomes trained to these different sounds 
so as to be able to detect quickly the seat ot many gas engine troubles. 

II there are any openings Into the cylinder from the outside, such 
as pet cocks, drain cocks, priming cocks, peep holes, or any other 
openings, It Is necessary to make sure that they are air-tight, as a very 
small leak will seriously Interfere with the power obtained from the 
gas engine. 

The place where the Igniter la attached to the cylinder la a fre- 
quent cause of compression troubles and the Igniter Itself may some- 
times leak. Provision is generally made for a fireproof, alr-tlgbt gasket 
between the Igniter and the cylinder, and It Is well to examine this 
Joint The Igniter Is provided with a movable electrode necessary to 
produce the spark at the right time. This electrode should be kept 
well oiled so as to prevent wear, and thus assist In retaining the full 
amount ot compression. 

The bearing through which the stem ot the Intake valve moves as 
the valve opens and closes, often becomes slightly worn. There Is a 
strong suction in this Intake pipe Just as the charge passes Into the 
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Cylinder, and If a Bmall amouiit ol afr Is admitted here It weakens 
the mixture In proportion to the size ot the air space. A leak here 
will make It difficult to start the enElne and will even cause It to fall 
to run. 

The place where the Intake Talve Is Joined to the cylinder Is also 
provided with a fireproof, alr-tlght gasket. If this gasket leaks It 
will have the same eSect as a leak caused by a worn valve stem, as 
meatloned in the previous paragraph. Leaks of this character may 
be easily detected. Take an ordinary oil can. All It with gasoline and 
SQulrt a small amount of the gasoline In every place to be tested. It 
there la a leak, there will be an Immediate effect In the running of 
the engine. If there Is no leak, no difference will be noticed. 

Another Important matter to be Investigated Is whether there Is a 
leak la the cytinder-head gasket. Such a leak Is very difficult to locate. 
Often, In taking off the cylinder bead to grind the valve seats, the 
gssket is injured In such a way that It will not provide a tight Joint. 
In such a case, some sharp Instrument should be used to remove every 
particle of the old gasket and to clean out the small grooves gener- 
ally found there. A new gasket Is then put In Its place, care being 
taken not to allow any hard substance to get onto the gasket, such as 
a grain of sand or a small metal chip, as this might keep the cylinder 
head away from the cylinder and prevent the gasket from forming a 
perfectly tight Joint When the new gasket has been properly put 
in place, replace the cylinder head and tighten each nut a little at B 
time until they are all properly tightened. Then start the engine and 
after It has run a few minutes go over the nuts again and tighten 
them a trifle more. 

In the Jump-spark system of ignition, there Is a spark plug Instead 
of an Igniter which must be tested tor leaks just the same as other 
parts of the engine. Spark plugs, aa a general rule, are air-tight but 
sometimes one Is found that is not. Some spark plugs are made to 
screw Into the cylinder -with a straight thread, a shoulder and a copper 
or other gasket being employed to make the Joint alr-tlght. Some 
spark plugs are screwed In with a taper thread and depend upon the 
tightness of the threads to make them alr-tlght. In every case, they 
should be screwed In tightly. 

In looking for gas engine troubles, do not overlook little things. 
Never take anything for granted and never take the word of anyone 
for any condition, for the giver of the Information may be mistaken. 
Investigate every Individual feature personally to make sure that 
everything Is In perfect order, taking one step at a time as Indicated 
in the preceding paragraphs. 
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CHAPTER II 



OABBHRETION 

Carburetlon U the process of atomizing the lue] for the en^ne, 
thus mlxluK the proi>er amount of fuel In the form of vapor with the 
proper amount of air. There are two general devices used tor this 
purpose, the carbureter and the miser. 

The carbureter consists of a Boat, float valre, needle valve, fuel 
bowl, str Inlet and fuel Inlet The float Is made In a manner to obtain 
the most buoyancy or lifting power In the fuel chamber In which it Is 
used. Floats are made either of cork covered with a coating of 
etaellac or of some light sheet metal, forming an alr-tlght bulb. 

TbB Float 

Troubles are sometimes experienced with floats. It the coating of 
shellac of a cork float la In some way Injured, It will allow the gaso- 
line or other fuel to soak into the cork and make It too heavy to close 
the float ralve uroperly. When a sheet-metal float is used, it Is liable 
to spring a small leak, and when filling up with the liquid fuel It will 
lose its buoyancy and tall to work. The remedy tor the cork float Is 
to remove It from the chamber, dry It thoroughly either In the sun or 
In a warm oven, taking care to leave the oven door open to prevent an 
explosion. After it Is thoroughly dry, It is given one or two coats of 
shellac and allowed to dry until the coatings are thoroughly hard. 
In the case of metal floats, the fuel must be removed from the Inside 
and the hole soldered. 

The float Is used to keep the liquid fuel at the same level in the 
bowl of the carbureter at all times. This Is accomplished by the use 
of the float valve and the lever connecting the two. The mechanism Is 
so arranged that when the fuel rises to a given height, the float which 
remains at the top will operate automatically and close the fuel supply 
or float valve. When some of the fuel has been used, the float will 
settle down, allow the valve to open again, and cause the bowl to be 
filled up to the desired point. 

The Float Valve 
The float valve generally consists of a cone-shaped valve suspended 
at one end of the lever connecting the float with the float valve. This 
lever la hinged in the middle In such a way that it will open and close 
the float valve ae the float moves up and down with the surface of the 
fuel. This valve sometimes causes trouble. Occasionally a small grain 
of sand or other substance will lodge between the valve and Its seat, 
holding it open and allowing the fuel to waste when the engine is not 
running. If this Is the trouble, it can generally be remedied by a light 
tap on the side of the carbureter, near the float valve, which will dls- 
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lodse the tarelKn substance and allow the valve to work freely. Some- 
times a valve or Its seat may be sllglitly worn eo aa to allow ttae fuel 
to waste when an engine Is not running. This does not generally Inter- 
fere with the working of the engine, but should be remedied by grind- 
ing In the valve with emery flour and oil or some grindlng-ln com- 
pound specially prepared for the purpose. 
Th« Fuel Bowl 

The fuel bowl Is, as Its name Implies, a bowl for holding the fuel 
in the carbureter preparatory to Its vaporization and entrance Into 
the mixture to be carried to the cylinder. This bowl is generally 
spherical and the needle valve Is placed In the center of It so that 
tipping the carbureter in any direction will have no effect upon the 
action. For a stationary engine a fuel bowl of any desired shape may 
be used, but tor a tractor or any movable engine, it should be spherical 
and have the needle valve in the center. 

The Needle Valve 

The needle valve regulates the amount of liquid fuel which paBses 
Into the mixture of vapor and air. The gasoline or other liquid passes 
through the needle valve In the form of a spray and Is Immediately 
taken up by the air in the form of gas; this gas passes into the cylin- 
der and forms the explosive charge. It is Important to see that there 
is no obstruction of any kind In the needle valve, as very little la 
required at this point to upset the working of the engine. A small 
speck of dust, too large to pass through the needle valve, may obstruct 
the passage of gasoline and prevent the proper running of the engine. 
The adjustment of the needle valve will be explained under the head- 
ing "Carbureter Adjustments." 

The Fuel Tank 

It Is important that there is a proper connection between the car- 
bureter and a suitable fuel tank, as a great deal depends upon this 
tank and Its connections. If gravity is to be depended upon to feed 
the carbureter, the tank must be so placed that at all times it Is at 
least eight Inches above the fuel level of the fuel bowl of the car- 
bureter. This arrangement will allow the gasoline to flow to the car- 
bureter by its own weight. Great care should be taken to prevent 
water or any other foreign substance from entering the tank. When 
filling the tank, the gasoline should be strained through a chamois 
skin to prevent foreign substances entering the tank. The cap on the 
top of the tank must be provided with a suitable air vent to allow the 
air to enter as soon as the fuel Is drawn out of the tank, otherwise 
the gasoline would not leave the tank on account of the vacuum that 
would be produced at the top. The bottom of the tank should be pro- 
vided with some kind of a trap which will stop any foreign substance 
from entering the carbureter. There should also be a shut-olf valve 
between the carbureter and the tank so that if the Boat valve should 
fail, the supply of gasoline could be shut off. When it Is deelred to 
place the tank In some particular place, without regard to the heighti 
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of the carbureter, the top ol the air tank may be made alr-tlght and an 
air pump used to produce aufflclent pressure In the tank to cause the 
gaBoUne to feed to the carbureter. Any pressure from 6 to 50 pounds 
per square Inch will work, as the float valve will be able to resist that 
pressure. 

It la Important to take care that the air bole in the top of the tank 
does not fill up with dirt, as Id certain caeee It has happened that, 
due to this cause, engines have run for a short time and then failed 
to run for want of fuel. In cue case It was found that the bole in the 
top of the tank had become filled with paint used In painting parts of 
the engine, and tbia prevented the air from entering In sufficient 
quantity to admit a steady flow of gasoline. 
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The carbureter adjustment Is one ol the most important features in 
connection with the running of a gas engine. It is important that 
every man having anything to do with gas engines should be able to 
make all tbe required adjustments, l>ecanae if be is unable to do so be 
Invites trouble. Aaaume, as an example, that the carbureter is to be 
adjusted on a new engine which has never been run. After making 
eure that there Is plenty of gasoline In the carbureter, close the needle 
valve entirely, then open It again about three-fourths of a turn, which, 
as a rule, will permit the engine to start. After It has run a short 
while, turn off the gasoline very slowly by closing tbe needle valve 
until the engine commences to miss, then open It slowly again until 
smothered explosions are noticed, which Is an indication that the en- 
gine gets too much gasoline. Now the correct position Is between 
these two, and a little moving back and forth of the needle valve 
will soon Indicate which Is the adjustment at which the engine runs 
the besL When this position has been obtained, fasten the needle 
valve with a lock-nut so that It will not Jar out of position by tbe 
vibration of the engine. If the engine Is of the- variable-speed type, 
there will probably be a compensating air valve which will require 
adjustment In this case, speed up the engine to about 300 revolutions 
per minute and open the air valve until the engine begins to mlas 
Are, then close it until It runs steadily and fasten this valve with a 
lock-nut also. 

Th« Mlx«r 

On heavier engines, a mixer which is more simple than the car- 
bureter Is used. The same remarks with regard to tbe fuel tank apply 
in the case of the mixer, with tbe exception that In most cases mixers 
are supplied with a pump so that the tank Is generally burled in some 
convenient place outside of the building and suitable pipes run from 
tbe tank to the pump, and from the mixer back to the tank, as an 
overflow. 

Some mixers on tbe smaller types of engines employ the suction 
of tbe piston as a means to bring tbe gasoline to tbe needle valve. In 
this class of engines, the tank and mixer are generally attached witb 
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very abort connectloiu at tbe bottom ot the cylinder. There should 
be a trap and drain in the bottom ot the tank lor dispensing ol any 
water which might accumulate In the tanlc. 

The misers on the heavy type of engines are supplied by some kind 
of pump. Oenerallif a plunger pump with two check valves,, one be- 
tween the pump and tank and tbe other between the pump and mixer, 
is used. The check valves are generally of tbe steel-ball type. En- 
gines using one kind ol fuel are provided with a simple kind ol mixer, 
while there are also more complicated double mixers intended for the 
use of two kinds of fuel, one for starting and one for running 
conditions. 

The simple or single mixer Intended tor on« kind of fuel at a time 
consists or a fuel bowl and needle valve and an overfiow pipe to main- 
tain the fuel level at the proper point As mentioned. It Is generally 
supplied with a plunger pump and generally gives little trouble. The 
piping from the pump to the tank must, however, be alr-tlght, and the 
plunger must flt snugly and have suitable packing to make It atr-tlgbt. 
This packing must be kept properly lubricated to prevent undue wear. 
Tbe valves seldom give any trouble. Occasionally a small piece of 
foreign substance will enter between the valve and Its seat ana cause 
the pump to fall in Its action, but this difficulty is generally removed 
by a light tap with a small hammer or wrench. The valves sometimes 
become worn and require reseating. When tbe ball valve Is used, all 
that is necessary Is to remove the top of the valve, place a small piece 
of wood on tbe ball and tap it gently until It will hold gasoline poured 
Into the valve. It the valve ie of such a type that it needs to be re- 
ground, emery flour and oil or some grindlng-ln compound Is used In 
the well-known manner employed with all valves of this type. 

Cases have been known where a plunger pump with ball check 
valves has given trouble on account of too large balls being used In 
the check valves. It the balls are too large for the seat and project 
up rather high, the vibration of the engine will cause them to leave 
their seat so that the gasoline can return to the tank. In tb&t case, 
they may be replaced by smaller balls and no difficulty will be ex- 
perienced afterwards. 

A mixing valve which serves to properly proportion the gas and air 
and which also controls tbe quantity admitted to tbe cylinders, la 
shown in Fig. 6. The construction there shown Is uaed on a Westlng- 
Irouee gas engine employing natural or illuminating gas. A vertical 
and tree-moving cylindrical valve A with suitable ports Is surrounded 
by two independent sleeves B and C, provided with ports and arranged 
to be rotated or adjusted by handles N and N' through a small arc. 
Tbe gas enters at F and tbe air enters through an opening at the side, 
not shown in this Illustration. This arrangement of ports Insures a 
thorough mixing of the air and gae before entering the combustion 
space. Pointers T and T' move over graduated scales and Indicate the 
size ot the openings in the ports. Hence, the ratio of these two read- 
ings gives the proportions of gas and air. By rotating the sleeves 
vben the engine is running, tbe correct mixture can be easily regu- 
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lated, after which the mixing valve acting under the control of the 
governor, admits the proper amount of gaa and air Into the cyllodera. 
Id producer gas engines a poppet type valve Is used, because of the 
presence ot ainall quantities of dirt and dust. Mixing volvee of this 
type can only be used for gaseous fuels. When gasoline or other liquid 
fuels are used a carbureter Is, of course, necessary to gasify the 
liquid fuel. 




Needle Valve Adjdstment 
The needle valve of gas engines using a mixer Is geuerally pro- 
vided with marks to enable the operator to get somewhat near to the 
position where the proper mixture will start the engine, but after 
the engine Is running, the operator should depend Dpon the sound of 
the exhaust for the final proper adjustment of the needle valve, and 
should not depend upon the manufacturer to tell him the position of 
the needle valve for the operating condition. The best method for 
accomplishing this adjustment Is to shut off the gasoline entirely until 
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there are Indications ot absence of Hufflclent gas and tben open the 
needle valve a little at a time until the exhauet Is steady. 

Sliwla Ulz«r for Two Kinds ol ?u«l 

A single mixer la aometimeB used to burn two kinds or fuel. This 
la BccomptlBhed by having a pump with a three-way Talv& which makes 
It possible to first draw luel [rom one tank for the starting and by a 
movement of the valve switch to another tank for the running fuel. 
This iB a simpler arrangement than a complete double mixer with 
double piping and two pumps, and works well with a load, but does not 
run well without a load. Of course. It Is always necessary when using 
this kind of a mixer to switch back to gasoline for two or three 
minutes before starting the engine. In order to have the gasoline ready 
to start with the next time, If this Is neglected, however, there Is a 
provision by which the pump can be worked by hand to produce the 
same results. However, few drops of gasoline In the cylinder, after 
having run on some other fuel, is a splendid thing In order to clean 
out the cylinder, mixer, Intake piping and valves. This system Is 
used on some heavy tractors with good reaulta under load. 

By using a double Bystem of mixers, pumps, piping, etc., It Is possi- 
ble to have an arrangement which will handle fuels which require a 
higher temperature before they will vaporize. While this system is 
a little more complicated. It gives the heat results under all 
circumstances. 

It may be mentioned that a piece of screen wire placed In the Intake 
pipe between the needle valve and the cylinder often aids In mixing 
the vaporized liquid fuel properly with the air. 

Oaa and Oil Iburlne Fuels 
The following information relating to fuels is given by The Inter- 
national Harvester Co. The liquid fuels, with the exception of alcohol, 
used In the modern Internal combustion engines are all products of 
petroleum oil or crude oil as it is usually called. This oil is a 
mineral liquid which la obtained usually at a great depth in the earth 
by drilling a well and pumping. The oil Is seldom refined at the wells 
but Is stored In large tanks or open reservoirs and pumped to the 
refineries, sometimes hundreds of miles distant through pipe Unee as 
needed. The first fields found In America are In Pennsylvania. Today 
fields are being worked in Pennsylvania. Illinois, Indiana, Kansas, 
Oklahoma, Texas, California, and many other states. The oil fields in 
the East are gradually being exhausted, so that little Pennsylvania, 
IlUnolB, or Indiana oil Is now refined. 

Methods ot Testlnar FubIb 
There are two general methods of testing fuels In common use. 
The usual way In the field Ib by comparing the weight of fuels with 
the weight of an equal bulk of water, although this test does not 
always distinguish the grade on account of the difference In com- 
IKisltion of crude oils from the different oil fields, and the practice ot 
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mixing low-grade and high-grade distillates. Tble test Is accom- 
pllBhed by means of a hydrometer, and supposed to be made at a tem- 
perature of 60 degrees F. 

On the Beaum^ scale tor comparing the density of liquids lighter 
than water, water Is rated 10 degrees. Heavy liquids run lower and 
oils run higher than water. Crude oil runs from 12 up to 50 degrees, 
mostly averaging from 22 to 40 degrees, distillate, about 39 degrees; 
kerosene, from 40 to 50 degrees; and common gasoline, from 64 
to 80 degrees. In the larger cities gasoline - Is kept In stock with 
gravity ot from 64 to TO degrees, or even lighter for special purposes. 
Owing to the small amount of gasoline which can be produced, the 
tendency la to make It heavier by dlBtllllng oft some ot the heavier 
olta with It in order to supply the demand. 

Kerosene as sold today varies between 42 degrees and 54 degrees, 
Beaumf test It Is the common belief that because gasoline Is more 
easily evaporated and Ignited than kerosene, that it gives more power, 
but the reverse is true. Kerosene and the lower grade oils, such as 
distillate, solar oil, fuel oil, etc., contain more heat unlits than an 
equal bulk of gasoline and In a properly designed engine will give 
proportionately more power. The reason tor this is that in every pound 
of petroleum products there are about 20,000 heat units. Therefore, 
It fs evident that there ore more heat units In the heavier liquids than 
there are In an equal bulk of the lighter liquids. It Is this that makes 
hard coal worth more per ton than soft coal. It has more heat units 
per pound and heat is power. 

It Is evident that the Beaum^ method of testing does not In reality 
give the true value of the liquid tested; In fact, liquids ot the same 
quality distilled from crude oil from the different fields vary In weight. 
the Extern oils being lighter than those obtained from the West. It 
ha^ been demonstrated that Pennsylvania crude oil of 66 BeaumS gave 
the same results as the refined gasoline testing GS Beaum^ Irom 
Kansas crude oil. The reason for this la that both oils, although, dif- 
fering. In gravity have the same points. The only accurate test to 
determine the quality of a distilled fuel Is to determine the initial 
(lowest) and maximum (highest) boiling points. This Is the method 
used by the refineries and It can only be determined by actually dis- 
tilling the liquid. The refiner knows and distinguishes each product, 
not by gravity but by boiling points. He knows It would be impossible 
to make bis goods uniform by using the fleeting standard of gravity, 
but knowing the boiling points, he can depend upon the quality. 

It Is not dIfDcult to understand what boiling point means, tor the 
expression explains Itself. It Is the point on the Fahrenheit ther- 
mometer at which a liquid will begin to boll. But the refiner does not 
stop here. He distills a given quality of gasoline, and while It is In 
the process ot dietlllatton, ascertains at what point each 10 per cent 
will boll until the entire quantity Is evaporated or distilled. This Is 
called fractional distillation. In this manner Is determined what la 
known as the initial boiling point, as well aa the maximum boiling 
point and all intervening bollng points. The rapidity with which , 
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ft liquid will evaporate 1b determined by Ite boilinK points. For In- 
stance, a liquid that has a low boiling point will evaporate quicker 
than one with a high boiling point— It Ukes less heat to boll It, that 
Is, to cause It to go off In a vapor; consequently, It requires lesa beat 
and air to vaporize it 

Water bolls at 212 degrees P.; consequently it will take it longer to 
evaporate than gasoline that has an Initial boiling point of, say, US 
degrees F. But water will evaporate quicker than kerosene oil with 
an Initial boiling point of 326 degrees F. From this we see that thu 
lower the boiling point the quicker the liquid will evaporate under 
ordinary temperature. Of course, any liquid will begin evaporating 
long before It boils. 

The DlBtUlatloii of Fuala 

To nnderatand thoroughly the action of fuels In an Internal com- 
bustion engine, one must know something of the process of distilla- 
tion. The crude oil Is pumped Into a buge steel boiler or still and 
gradually heated. A pipe leads from the still to a condenser, and as 
the gas rising from the crude oil seeks to escape. It runs through the 
condenser and Is condenaed again Into a liquid. The temperature at 
the still is constantly watched and recorded and the liquid from the 
condenser Is also tested with a Benumb hydrometer and recorded. 
By previous experiment the oil rellnerles know at lust what tempera- 
ture the different fuels are distilled off so that as the temperature rises 
in the still, the fuels are run Into separate tanks according to their 
quality. The lighter liquids testing around 80 degrees Beaum^ come 
off first and as the crude oil becomes hotter the liquids that are dis- 
tilled off gradually become heavier. This process continues until 
nothing is left of the crude oil but a kind of coke. 

In this manner the refineries obtain gasoline carrying In quality from 
go degrees down to EO degrees, Beaumg tests; kerosene from 50 degrees 
down to 40 degrees Beaum^; distillate from 40 degrees down to 29 de- 
grees Beaum^; and below that, lubricating oils. The gasoline as sold 
now usually runs from GO degrees to 62 degrees BeaumS test, but as 
the gasoline obtained from the crude oil varies from GO degrees to 78 
degrees or 80 degrees Beaum^, It Is evident that the small proportion 
obtained at G6 degrees to 62 degrees Beaume would not be enough to 
supply the trade. In order to get a product that will have a uniform 
weight, and to use up the very high and low grade gasoline, they are 
mixed In such a proportioQ as to produce the desired results. For 
example, if equal parts of gasoline testing at 56 degrees and 65 de- 
grees Beaume, were mixed, tbe result would be a gasoline testing at 
60 degrees Beaum^. 

The big oil companies now realize that the heavy fuels give trouble 
In starting when used In Internal combustion engines, and are now put- 
ting out a winter gasoline and a summer gasoline. The winter gaso- 
line, being a little higher grade, contains more of the lighter grades 
of gasoline, having a low boiling point, which are more easily evapor- 
ated In cold weather. 
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Uotor Spirit 
WlthlD the last two years the rapid Increase In the nae ot gnaoUne 
has shown the oil companies that the time would come and that very 

soon when the production of gasoline would not meet the dentand. 
The standard Otl Company has for some time been experimenting 
with substitutes and now announces that they are equipping their 
distilleries for the manufacture of a new product of crude oil called 
Motor Spirit which has all the characteristics of gasoline and which 
win sell for three cents a gallon lower. This product 'la obtained by 
redistilling under pressure the dlstlllBtes that range from 29 degrees 
to 40 degrees Beaum^. This will practically double the output of 
oils In the gasoline claas as soon as the distilleries are equipped tor 
manufacture. 

The distillation process Is practically the same as with the original 
crude oil except that It Is done under pressure which produces an 
entirely new product with new boiling points and gravity. The 
original distillate having a boiling point of about 400 degrees and a 
gravity of from 29 degrees to 40 degrees Beaum^ Is turned Into motor 
spirit with a boiling point of 9B and a gravity of 69.2 Beaum4. 

The Standard Oil Company makes many claims for thia new fuel, 
among them are 20 per cent greater power than gasoline and easier 
starting. The one point which might be brought against It Is Its 
disagreeable odor. 



CHAPTER III 



lONinON 

There are two general systems of Ignition; the "make^nd-hreak" 
system and the "jump^park" system. The make-and-break system Is 
used extensively on stationary, portable and traction engines running 
below 600 revolutions per minute. The "lump-spark" system Is almost 
entirely confined to small high-speed engines used on automobiles and 
motor trucks. 

. The "Make-and-break" Isnltlon System 

The make-and-break system consists of an Igniter, a coll, a switch 
and batteries, and may also uae a magneto. It operates hy breaking 
an electrical current Inside of the cylinder. The igniter generally 
consists of a cast frame, a stationary electrode, a movable electrode, 
and meana tor making and breaking the circuit, by having Its parts 
connectea with the camshaft by a push-rod, bevel gear and shaft, or 
chain drive. The movable electrode is made to move through about 
one-tenth ot the circumference of a circle. It must fit anugly Into the 
igniter frame and must be properly oiled to prevent the compressed 
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gases from escaping. The Btattouary electrode must be Insulated from 
the Igniter, this being easily done by mica washers, but porcelain or 
glass mar also be used. It ttae exposure to the beat is not too great 
The electrodes are each provided with a Bin&ll point on tbe Inalde of 
the cylinder. These points are separated except when a spark is 
desired, when they are pushed together and allowed to separate to 
produce a spark. 

Wlrlnar the Bfttterles 
The wiring for the make-and-break system and the Jump-spark sys- 
tem Is, in general, the same. Before starting to wire the batteries, It 
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is necessary to choose a good place for the location of the battery box, 
coil and switch. The battery box should be located In a clean, dry 
place where It will not be affected by tbe vibration from the engine. 
It so placed It will last much longer and the absence of vibration will 
tend to eliminate loose connections. The switch can be placed on the 
outside of the battery box or at any other convenient point. The coil 
box may be placed inside of the battery box or It may be placed on 
a small shelf near the switch. The nearer the coil Is to the battery 
box and switch, the less wiring will be required. 

There Is generally a so-called "ground-post" provided on the frame 
of the engine to receive tbe ground wire from the batteries, but it this 
is not the case, a wire can be run from any metal part of tbe engine 
frame to the xinc or outside electrode of the first battery, assuming 
that tbe engine uses tbe ordinary dry cells for Ignition, which can he 
procured In almost any locality. Then from the center or carbon elec- 
trode of this battery run the wire to tbe zinc of the next, and so on 
antll all are connected. When the wires are all connected together, 
there wilt be one vacant carbon electrode. Run a wire from this car- 
bon electrode to one side of the switch, a three-point switch being used, 
and from the center of this switch run another wire to one terminal 
of the coll. Then from the other terminal of tbe coil run a wire to 
the stationary electrode of the Igniter and the battery circuit Is cpm- 
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iDBuIated wire la geaerally turnlshed wfth the engine for the 



The Maemeto 
An ordIn&r7 frlctlon-drlve magneto Is often used to run the engine 
alter It haB been started by the use of a battery. A suitable place for 
the mftgaeto 1b provided bo that the magneto drive pulley will be in 
contact with the flywheel, the pressure being great enough to drive the 
magneto. Tbe place selected sbonld be as free as poesible from vlbra- 
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tion and the magneto mounted as flrmly as possible. Run a wire from 
one terminal of the magneto to the vacant terminal on the switch. 
The other terminal of the magneto may be .connected by a wire to the 
ground wire which runs from the engine frame to the iIhc of the first 
battery, or It may be connected directly with any metal part of the 
engine frame. This wiring applies to a magneto depending upon its 
permanent magnets for Its magnetism, but If a magneto uses small 
coUb In connection with the magnets to Increase the magnetism, these 
fleld wires are connected together, and the wire Is run 'from each end 
of thiB small circuit to each of the brushes of the magneto. In this 
style of magneto, it is necessary that the direction In which the 
magneto will run when placed on the engine is determined upon when 
It Is manufactured, because this determines tbe method ior attaching 
the fleld wires. If a magneto is attached In such a way'^that results 
are not obtalued. all that is necessary Is to change about the con- 
nections at tbe terminal posts. 

If the magneto lurnlehed with the engine Is connected to the cam- 
shaft or crankshaft with gear wheels, and runs at the same speed as 
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the crankBhftft, It Is likely that a coll Is not neceasaiy, but a amall 
change In the wiring outlined In the previous parasraphe will be 
necessary with this style of magneto. The wire which runs from the 
carbon electrode of the battery to the switch and the wire which runa 
from the coll to the Igniter should be interchanged. Upon examina- 
tion of the wiring It will now be seen that the battery current pasBes 
through the coll hut the current from the magneto paesea dlrectlj' to 
the Igniter. 

All frlctlon-drlve magnetos are provided with a governor of some 
kind, which, when the armature of the magneto attains a certain speed, 
usually about 1800 revolutions per minute, will release the pulley 
wheel from the flywheel or allow It to slip, so that the speed will not 
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exceed that given. Care should be taken to adjust this governor so 
that It will do Its work properly. With some magnetos the adjusting 
spring Is arranged to work In two ways, one way being used when 
the magneto drive pulley touches the upper side of the flywheel, and 
the other when it 1b touching the bottom side of the flywheel. If the 
spring allows the drlve-pulIey to be lifted from the flywheel and re- 
turns it to Us place when released, It Is In the proper position, but 
It It refuses to leave the flywheel, the adjustment la not ccrrect and 
mnat be changed. 
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Hlirb-tenalon Muitatos 

Hlgh-tensloD magnetos are beglnnlm; to be used on stationary and 
traction engines. These magnetos are self-contained ana require 
neither coils, timer or switch. The; are generally provided with a 
breaker box at one end of the armature, which acts as a timer and 
also advances or retards the spark. These magnetos are gear-driven 
and run at engine speed. 

In all gear-driven magaetos the gears ehould be marked so that If 
it should become necessary to remove the magneto, or It It should be 
removed by some accident. It could be replaced without the services 
of an expert. If these gears' are so marked, the replacing can be done 
by anybody. If the gears are not marked and the magneto has to be 
replaced. It Is necessary to set the engine at the Aring point, about 10 
degrees ahead of the center on the compression stroke, that Is, when 
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the piston ordinarily would be within about, say, one-half inch of the 
end of the compression stroke. Now place the magneto in mesh with 
the gears so that the points In the breaker box on the end of the 
magneto, which are separated once and sometimes twice during each 
revolution, are Just ready to separate. In thie position the gears 
should mesh. 

aear-<liiTaa Uasneto with CoU Box 

In a gear-driven magneto, which Is used with a coll box or with an 
igniter only, the process Is a little different Hold the magneto in 
the hand and take hold of the gear with the other band and turn It in 
either direction. It will then be discovered that at two points in 
each revolution the armature turns harder than in other positions. 
These points are called points of resistance and are the points of the 
rotation at which the spark is made. Set the engine so that the 
igniter has Just tripped, turn the magneto until one of these points 
of resistance Is found, and place the gears In mesh at this point. Then 
connect up the wires as usual. 

The OsoUlatlnsr MairnMo 

There la still another type of magneto known as the oscHlatIng 
magneto which only requires that the Igniter push-rod should trip the ■ 
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magneto rotor at the proper time. The spark In this magneto la miide 
by the rotor which 1b used Instead ot the armature In other magnetoB. 
and which rocka back and forth between the magnetic fields. The 
Igniter pushes the rotor In one direction and It la tripped and returned 
to Its normal position by springs supplied for this purpose. This style 
of magneto h&s been la use tor Beveral years and has proved very 
satisfactory. 

Oara of UagnMoa 

Magnetos must not be oiled too freely. Oenerally they sre provided 

with ball bearings which require but little oil. If more oU is used 

than the magneto requires, It will get onto the armature and a short 

circuit may be formed. ' In case ot trouble on this account, wash oB 
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the magneto with gasoline, removing every particle ot dirt and grease; 
then let It dry out It Is then usually ready to run again without 
trouble. In nine times out of ten this simple remedy will take care 
ot the dlfBculty. 

Otbar Ueana for Obtaining Eleotrlolty 
Storage batteries are used tor ignition purposes and give good 
results when a suitable plant tor re-charging them 1b accessible. They 
should be handled by a electrician, except tor the wiring connections 
Into the circuit, which may be made by anybody. Once In a while one 
will find a man who wants to use electricity from the regular electric 
light circuit, but this Is dangerous and hard on the Igniters on ac- 
count ot the voltage being excessively high tor this purpose. From 
six to ten volts is all that Is necessary for Ignition purposes. L-. 
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Hie Jomp-Bitark Byateia 
The Juinp-«park sj'stem differs from the make-and-hreak sfatem only 
in the means ot Igaiting and In the kind of coUa used. In the make- 
and-break arstem a so-called "silent" coll, or one without a. vibrator 
1b employed, but In the case ol the Jump-flpark system a Tlbratlng coil 
la necessary. The silent coll needs no adjustment or other atteotion as 
Ions as It works, and when it tails it must either be attended to by an 
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etectrictan or be replaced by a new coll. As a rule. It is about as 
cheap to replace it as to undertake to repair the old coll. An ordinary 
spark plug, such as Is used In the regular automobile engine, will 
prove satisfactory. 

The vibrating coll must be adjusted and the adjustment Is almpl«, 
when understood. The coll should be so adjusted that the points will 
touch each other during the vibrations as lightly as possible, as this 
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lengthcDs tbe life of both ttae coll and batteries. The best war In 
which to accompUah this adjustmeat la to turn the adjustlag screw 
until one can see the light between the points, and then turn It back 
until the points }u8t touch each other. 

Iffnttlon Tronbloa 

The Ignition trouble moat trequently met with Is perhaps unsuitable 

or run-down batteries. It seems as It the average engine operator 




could not realize that a set of batteries must necessarily give out 
some day. The average operator seems to think that because a set 
of batteries did Its work properly the day before or last week, 
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sbould go on Indefinitely performiDg the same task. A good battery 
tester la, therefore, suitable to have aronnd where batteries are used. 
It will InBtanUy Indicate how much power Is left In the batteries and 
often save a great deal of useless work in cranking a gas engine with 
run-down batteries. 

Another common fault with batteries Is the loosening of the connec- 
tions. When the batteries are subjected to vibrations the connections 
are very apt to work loose. The only way to locate a loose connection 
is, as a general rule, by examining each connection In turn. All the 
connections should be kept as tight as possible. Broken wires are 
also likely to cause loss of time and must be located. Assume that an 
engine has been runnlog smoothly and that it then without warning 
stops suddenly as If the switch bad been turned off to the Ignition 
system. If the carbureter and fuel supply system seem to be all right. 
It may be taken for granted that the fault Is with the Ignition system. 
First test the igniter by allowing a piece of metal to come In contact 
with both electrodes and then removing it quickly to see whether it 
causes a spark. If a wire Is broken or a connection Is loose, the spark 
will not be there. Then test the wires which run from the engine to 
the battery box to see It they are in good condition. Examine the 
switch, take out the coll of the circuit and test it by passing a current 
through It to see If It works properly. Then test tbe batteries one by- 
one to see If they are In good condition. If no delect has been detected 
so tar, the only thing left to do Is to test tbe batteries as a complete 
circuit by placing the wire of tbe battery tester on the carbon at one 
end of the set of batteries and connecting the other terminal of the 
tester with the zinc at the other end. Assume that when this is done 
no current Is indicated. It Is then clear that there Is a broken con- 
nection between two batteries and If these are tested in order, the 
broken connection will be found. Broken wires are sometimes caused 
by allowing tbe batteries to be placed so loosely In the box that the 
vlbratlo&s of the engine keep bending the wire constantly until It 
breaks. The Igniters should be kept clean and free from carbon 
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LUBBIOATION 



In the present chapter attention will be given to different types oi: 
oilers and the different kinds of oils to be used. The lubrication of a 
gas engine Is accomplished In a great many different ways. It may be 
said. In general, that tbere are four principal inethods: force-feed 
oilers, KTBTity oilers, grease cups, and lubrication by means of the 
ordinary squirt oU-can. 

There are several different methods in use for driving forc&-feed 
oilers, the most common being by means of gears, belts, chains or the 
ratchet and pawl. Some manufacturers provide oilers with sight- 
feed attachment, while others do not The sight-feed oiler is valu- 
able. Id many respects, but there Is nothing to prevent this oiler from 
failing to do Its work Just after the operator has loobed to see if It Is 
feeding, so that It does not present an absolute guarantee against 
ruined bearings. 

Early engines were generally provided with large oil cups in which 
a quantity of waste or felt was packed to prevent the oil from feed- 
ing too fast and be wasted. This metbod was quite satisfactory at 
that time because better methods were not known. It was necessary, 
however, with this metbod, to S11 the oil cups several times a day 
in order to Insure that the engine would be properly lubricated, and, 
as a matter of fact, on engines provided with these oil cups there 
were not many bearings ruined from running dry. The operator 
knew that he had to watch them In order to prevent trouble and they 
were generally attended to. This kind of oil cup was gradually Im- 
proved with many modifications until the gravity-feed oiler In general 
use today was developed. 

When grease cups are used care should be taken to provide a good 
grade of grease, neither too thin nor too heavy, otherwise good results 
cannot be expected. The oil-can used for oiling various moving parte 
around the engine should always be kept filled with clean oil ready 
for Immediate use, as it Is sometimes possible to save a bearing after 
it has been discovered that it la running warm, by giving It a gener- 
ous dose of oil with the hand can. Every time before the engine la 
started it should be gone over with the hand oil-can In the one hand 
and a piece of waste or an old rag in the other. AH the old grease 
and grit should be removed with the waste and fresh oil applied. 

It is sometimes desirable to lubricate the crank bearing with 
lubricating oil Instead of with grease, and this may be done easily 
and with little extra expense. To accompltsh this. It Is necessary to 
provide some method to support a gravity-feed oiler or a pipe from 
a force-feed oiler directly above the highest point that the crank 
reaches during Its revolution. To the bottom of this support is att 
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tached B small piece or ordinary lamp wicking In such a position tbat 
the oil from the oiler may be dripped onto it. A email cup Is pro- 
vided on the top of the crank bearing which passes close enough to 
this wlcklug to wipe the oil off It without touching the wick. It It 
touches the wick the tatter will soon be worn out, snd as It wesrs 
particles from It are likely to fall Into the cup aud clog up the oil 
supply. The oiler can now be set to feed any number of drops per 
minute to the wick and the cup on the crank bearing will wipe oil 
this oil, and from the cup It will flow directly into the bearing. When 
gravity oilers are used, it Is necessary In most cases to provide an 
oiler tor eacb bearing, although appliances are on the market by 
means of whlcb both the main bearings and the crank bearing can 
be supplied with one oiler by providing a three-way feed. 
Poroe-(»od OUars 
Force-feed oilers may be divided Into direct-feed and sight-feed 
oilers. The sight-feed oiler brings the oil Into plain algbt as It Is 
fed Into the bearing, while with the direct-feed oiler the lubricant 
generally passes from the bottom of the oiler directly into the bear- 
ing. The connecting pipe Is then generally provided with small 
BcrewB, generally cailed "bleeders," which may be loosened in order 
to tell whether the oil la feeding as it should or not. The force-teed 
oiler Is provided with one or more small pumps, generally ol the 
plunger type. These pumps are placed in the bottom of the oil tank. 
A pipe Is run from each of the pumps to the bearing to be lubricated. 
The supply of oil may be Increased or decreased as desired. When 
these oilers are kept filled with clean oil and the driving mechanism 
Is kept In good condition, they generally work very satlslactorfly, but 
a tittle dirt In the tank or a loose t>elt In the driving mechanism la 
apt to cause trouble. As an example may t>e mentioned a 20-hor8e- 
power traction engine Btted with a six-pump force-feed oiler. The 
customer assumed, and in fact had been told by the salesman from 
whom he had bought the engine, that this type of oiler was absolutely 
automatic and would never require any attention except to put oil 
Into the tank. The engine was running nicely for six weeks when 
at times it began to show loss of power. A gas-engine expert was 
sent to Investigate the trouble. This man began his work by putting 
in a new set of piston rings, and when putting them in used a very 
liberal supply of oil. The engine was started and ran nicely for a 
few minutes, long enough. In tact, for the gas-engine expert to get 
time to disappear, after which the old trouble again developed. 
Finally, trouble In the oiling mechanism wa« suspected, and It was 
found that the oil pumps were feeding only about half of the time 
on account of the wear In the driving mechanism, which did not 
admit the pawl and ratchet to do their work properly. This experi- 
ence shows, in the first place, bow necessary It Is that the oiler should 
work properly in order to lubricate the engine, and also that unless 
the engine is properly lubricated It will not develop Its rated power. 
New engines are generally adjusted to use considerably more oil 
than Is necessary after they have been In service for some time. 
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LubrlcantB to Use 

For lubricating the inside of tbe cylinder, the piston and the rloEs, 
which are all exposed to high temperatures, on account of the com- 
bustion of the gases, it Is necessary to have an oil with a high Are 
test and at the same time with good lubricating qualities. If proper 
oil Is used, the pUton, upon removal from the cylinder, will be found 
to be olted properly and the Inside of the cylinder to be coated with 
an even coat of oil. The piston will also be comparatively free from 
carbon deposits. If the high fire-test oil used for the cylinder has 
good lubricating qualities In general, It can also be used lor all other 
lubrication abont the engine. 

What has been said In the previous paragraph applies especially 
when gasoline is used sb a fuel, hut when fcerosene or any of the other 
lees volatile fuels are used, It Is necessary to have the cylinder much 
hotter than with gasoline. In order to get the beat results, and. hence. 
an oil which wilt work well with gasoline may be absolutely unfit 
for an engine using kerosene as a fuel. When kerosene is used, 
therefore, it la necessary to use an oil with the very highest fire test 
obtainable, and this oil Is not of a quality which could be used for 
other parte of the engine, except those which are exposed to ex- 
ceptionally high heat In tbe case of a kerosene engine anything 
except a very high lire-test oil Is likely to ruin the cylinder and piston 
to a few weeks. 

Too much oil in the cylinder will be Indicated by a blue smoke in 
tbe exbauBt Too much fuel in tbe cylinder Is indicated by a black 
smoke coming from the exhaust. Either of these troubles should be 
remedied at once. The exhaust of an engine which Is working to its 
full load should be practically free from color or odor. 

The manufacturers of most engines have made extensive tests 
with different oils on the market and will, as a rule, give all users 
of their engines information as to the best brand of oil to be used 
for any particular make of engine. It Is, therefore, well for any 
user of engines to write the manufacturers and ask them what brand 
of oU ought to be u&ed for the lubrlcatioiL 
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aOOLXNQ S7STEIMS 

There are two general methods For coaling the cylinder ot the gas 
engine, either by means of water or air. water-cooled systema may 
be divided Into two classes; those which use some kind of a pump, 
and the thermos! phon systems. The thermo-slphon system is a 
simple, effective method of cooling, although It requires conslderahly 
more water than when a pump Is used and some screen or radiator 
employed as an aid in cooling the water. In the thermo-slphon system 
the water is moved In Its circuit simply by means ot the heat and 
the apparatus necessary consists merely of a tank and necessary 
piping. The tank is set with the bottom about on a level with the 
bottom of the water Jacket of the cylinder. A pipe is run from the 
lower part of the tank to the bottom of thn water Jacket of the cylin- 
der. Another pipe Is run from the top of the cylinder to a point near 
the top of the water tank. The tank must be kept fllled with water 
to a height above the opening of the pipe from the top of the cylinder. 
When the engine Is Started and the water begins to heat around the 
cylinder. It rises Into the upper pipe and passes Into the tank. As 
the water In the water Jacket rises, cold water from the tank passes 
Into the bottom of the cylinder Jacket to take Its place, and when 
this water is heated It rises In turn to the top of the tank, thus 
keeping the water constantly In circulation. 

Water CoollnE SystemB TJaliitr Pumps 
Cooling systems operated by a pump may be dasslBed Into three 
divisions according to the kind of pump used, the pumps being either 
plunger, rotary or centrifugal, and gear operated pumpa With a 
plunger pump, at least two check valves are necessary, one between 
the tank and the pump and one between the pump and the cylinder, 
these being either fiall-check valves or of the regular valve type. The 
plunger ot this type of pump Is generally operated by a cam or crank 
attached to either the crankshaft or the camshaft of the engine. It 
is fitted with suitable packing to make It airtight This pocking 
should be kept well oiled to prevent wear. . The parts to be especially 
taken care of In this style of pump are the check valves and the 
connection to the propelling shaft. Undue wear in this connection 
will shorten the stroke of the pump and Interfere with its efflciency. 
The valves sometimes wear and need reseating, which Is done in 
the same manner as explained in previous chapters. 

The rotary or centrifugal pump may be operated either by chain, 
belt or gear drive. All three have their advantagea and drawbacks. 
With the belt drive the pulley is likely to slip and insufficient water 
will be circulated for proper cooling purposes; but in case the water 
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should be frozen In the pump on a cold morning, or II something 
else should go wrong, the belt will slip and not break the Inside ports 
of the pump. The chain and gear drlTes will alwafs deliver a uni- 
form amount of water to the cylinder when In working order, but 
have the disadvantage that they will not slip under any drcum- 
BtanceB, and brealtages are often due to this condition. In this 
style of pump the body of the pump must be below the level of the 
water In the tank bo that the water will flow naturally to the pump. 
The rotary pump Is probably the most satisfactory pump for the 
circulation of eoollDg water. It must be watched, however, to see 
that It is performing Its work property and should be drained care- 
fully when the engine la used In cold weather. 

A gear-operated pump la one In which the movement of a pair 
of gears causes the water to pass through with the meshing gears, 
between the gear teeth and the walls of the pump. This pump must 
also be placed below the level of the water in the tank and will, when 
In proper condition, work In a satisfactory manner. These pumps 
should also be carefully drained In cold weather. 

Purpoao of OooUng; Wat«r 
The cooling water la not Intended to keep the cylinder cold, but 
only to keep It cool enough to prevent the lubricating .oil from 
burning. The hotter the cylinder walls and the parts within It can 
be kept without Interfering with the lubrication, the better the engine 
will run and the more power It will develop. After the water has 
passed through the water jacket, its temperature should be about 
180 degrees F, If water from a well or a hydrant Is forced around 
the cylinder there will usually be a decrease of power, because the 
heat from the Ignited charge is cooled down so quickly by the water 
that the expansion force Is greatly reduced. 

Alr-oooled SratemB 
The air-cooled system Is the simplest cooling Eystem and works 
satisfactorily as long as the parts are kept In good working order. 
The cylinder. Instead of having a water Jacket, is provided with a 
series of ribs for the radiation of the heat A blast of air Is blown 
Upon this cooling surface in order to dissipate the heat. This blast 
of air Is generally produced by some kind of fan. There are different 
methods of driving the fan. Some manufacturers place the fan on 
the flywheel which gives a positive drive, and the fan runs when the 
engine runs. Others drive the fan with some kinds of gears or a 
chain. Either of these methods Is positive, and when the engine Is 
running the fan will run at the proper speed. The Ijelt-drlven fan Is 
the one that Is most likely to give trouble. If the belt Is too tight, it 
will place unnecessary strain upon the bearings. If It Is too loose, the 
fan will not drive fast enough and the cylinder will become Injured 
it not entirely ruined by the excess of heat. An oyerbeated cylinder 
may be detected either by the beat Itself or by the sluggish action of 
the engine. The engine will act as If It was receiving too much fuel. 
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and yet no black emoke will be visible at the exhaust. No gas engloe 
should be run more than a few minutes without ascertaining if the 
cooling sjrBtem la In working order. A cj^llnder can be ruined In a 
few minutes In this way. 



What haa been said In the previous paragraph refers to engines using 
gasoline or natural gaa as a fuel. If the less volatile fuels are used, 
Buch as kerosene, distillate, or alcohol, a slight change must be made 
In the cooling system. A piece of pipe of the same size as the pipe 
connecting the pump to the bottom ot the cylinder jacket must be at- 
tached to this pipe between the pump and the cylinder; this pipe 
should extend up until the top end of It will Join the pipe coming 
down from the top of the cylinder Just where it enters the tank or 
cooling system above the tank. A valve is placed in this pipe so tliat 
by opening or closing it we may admit just enough water to the 
cylinder to produce the degree ot heat needed to cause this less 
volatile fluid to vaporize, in order that it may mix properly with the 
air to form the explosive charge. 

It Ifl sometimes necessary and always advisable to be able to admit 
warm air from around the exhaust pipe to the intake pipe in order to 
aid the mixture. It Is also necessary when kerosene or distillate are 
used as fuels to admit a small quantity of water In vapor form with 
the charge to the cylinder, tbe reason for this being to prevent 
premature Ignition. A water valve Is generally provided on the mixer 
for this purpose and only enough water to prevent premature Ignition 
should be used. Premature Ignition Is detected by a metallic sound 
Inside the cylinder at the time of explosion. This sound will not be 
heard until the cylinder becomes very warm, and when noticed, water 
should be turned on in the water valve until this metallic sound stops. 
Water Is only necessary when pulling a load. When the engine is run- 
ning empty on kerosene It Is rarely necessary to turn on the water 
valve, which should never be turned on until this signal of premature 
explosion begins to be heard. Water must not be used with gasoline 
or natural gas as in either case It is detrimental to the charge. The 
water should always be drained from the mixer when the engine ts 
stopped. 

Antl-treeziner Mixture 

The International Harvester Co. recommends the use ot an antl- 
freczlng mixture In tbe cooling water in the winter. Colclum-cbloride 
la commonly used In the following proportions: one pound ot calcium- 
chloride to one gallon of water for temperatures down to 27 degrees F.; 
two pounds of calcium -chloride to one gallon of water for tempera- 
tures down to 18 degrees F.; three pounds ot calcium-chloride to one 
gallon ot water for temperatures down to 1 degree F.; tour pounds of 
calclum-chlorlde to one gallon of water tor temperatures down to 17 
degrees P. below zero; Ave pounds of calcium-chloride to one gaUon 
of water tor temperatures down to 39 degrees P, below zero. , - . 



COOL.INQ SYSTEMS 48 

Ctmcked W&tM- Jacketa 

Freezing of tbe water In the water Jacket of an engine cylinder and 
thuB cracking the cylinder is a common occurrence In winter. In 
[act. the Jacket water will oFten freeze, when the temperature Is barely 
down to freezing. The reason for this is as follows; Iron gives off 
beat very rapidly, consequently It quickly returns to the temperature 
of the surrounding atmosphere. Now, ae the sheet of water around 
tbe cylinder In the water Jacket Is very thin, It fs evident that it the 
water Is not taken out of the cylinder at night, it will freeze If the 
temperature drops below freezing. Water In bulk retains heat much 
longer than a thin sheet of water, consequently the thin sheet In the 
water Jacket will freeze on eome nights when a pall of water standing 
near the engine will not have even a crust of Ice on Its surface. 

When water in the cylinder Jacket freezes it rarely causes tbe 
cylinder Itself to crack, so that there Is no damage to the interior of 
tbe cylinder, but It will frequently cause the outer wall to crack. A 
crack of tbia nature can be repaired by the operator if he Is handy with 
tools. A email size drill for drilling a row of little holes on each 
side of the cracli, about an inch from it, a tap to thread these holes, 
some screws to flt a sheet of Iron plate, a screw-driver, asbestos, a cold 
chisel, and a little white lead are necessary to do the work. The fol- 
lowing directions tor carrying out the work are given hy the later- 
national Harvester Company. 

The first thing to do Is to cut with tbe cold chisel a V-ehaped crease 
along the crack from one end to the other, then cut the sheet Iron 
plate so that it will cover tbe crack and extend one Inch on each side, 
and the same distance beyond each end, lay It over the surface ot the 
cylinder and shape it so that It (Its closely; next drill a row of small 
holes around the edge of the plate, about one Inch apart, large enough 
to admit the screws. Then place this plate directly over the crack in 
proper position and drill corresponding holes In the Jacket, a size 
smaller than those in the plate and thread them with a tap. Now put 
some white lead paste In the V-shaped crease over the crack, saturate 
some of the asbestos wick with white lead and place It directly over 
the crease the entire length and a little beyond tbe ends of the crack; 
then cut out a sheet of asbestos about the size of the plate Inside the 
holes which have been drilled around the edge; soak this in water, 
place it over the wick and crease and then fasten the plate down 
securely over all by means of the screws. 

In making a patch ot this description be sure that all the paint has 
been scraped olF the cylinder where the patch is being made. After the 
patch has been put In place it can be smoothed dowa by a file, and 
then the engine should be allowed to stand tor several days before 
using. A patch ot this deacrtptlon will be found adequate in most 
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CHAPTER VI 



INSTAIiLATION OF A OAS HNaiNi: 

There are b. number of points which should be considered before 
purchasing a gas engine, one of which Is the amount of power required 
Tor the work to be done. It Is generally advisable, no matter what 
style of engine la to be purchased, to buy a unit somewhat larger than 
what at first may aeem neceaaary. It is always well to have some 
power In reserve, because an engine working under an excessive load 
Is tnefflclent and Involves a money loss to the owner, because of the 
wear and tear on the engine. 

The atyle of engine to be aelected Is determined by the location and 
the nature of the work to be performed. It the engine Is used In a 
fixed location a stationary type should be selected, whereas the port- 
able type and the traction engine must be selected when the engine Is 
for use at various points and when loads are to be hauled. The selec- 
tion of the right type of eoglae is fully as Important as the selection 
of toe right make; also, while attractive paint and a high polish are 
desirable, these tell very little of the real value of the engine. 

When repairs are necessary, the importance of having an engine 
which has been standardized Is fully realized by the purchaser. Repair 
parts should be obtainable at convenient points within a few hours 
of the place where tbe engine la installed, because delays In waiting 
(or repair parts uaually prove expensive. 

It Is important to bear In mind that the rated horsepower ol an 
engine Is not always a reliable basis for comparison with the actual 
power that the engine will deliver. There are many gas engines on 
the market rated at Ave horsepower, for example, which will hardly 
have a maximum output of as much as Ave horsepower under regular 
operating conditions. Again, there are engines built by reputable 
manufacturers which deliver continually an overload of as much as 
20 per cent above their rating. If there Is any doubt in the mind of 
the purchaser as to the power possible to be obtained from an engine, 
he should Insist upon proofs of the actual brake horsepower. 

When the engine has been purchased, the next thing to consider ts 
where It Is to be placed. In selecting the position for the engine, 
note that It ought to be placed In the cleanest, driest and tightest place 
obtainable for It If It la to be belted to machinery which is already 
Id place. It Is necessary to decide where tbe flywheel of the engine will 
be located and the foundation should be made with this In mind. If 
the machinery Is to be Installed later, suitable position for it must be 
determined at the time the engine is Installed in order to Insnre that 
no difficulties will be met with In transmitting the power. If the 
engine Is installed in a large room, a small room or space should be tI^ 
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partitioned off around It In order to keep out dust and dirt Under 
all circuniBtanceB, never allow a gas enslne. or any other engine, for 
that matter, to run In the flatae room where there are emery or polish- 
ing wheels. 

Assuming the engine to t>e of the stationary type, the purchaser 
should ohtalu a templet and anchor bolts, generally furnished with 
each engine. The templet is a wooden frame of the size of the bottom 
of tbe base of the engine, having botes In It to match the holes in the 
base of the engine frame. 

Tbe FouDdntlon 

The dimensions of the foundation at the bottom should be at least 
twice tbe length of the engine base and not less than two and one-half 
times tbe width, and tbe depth of the foundation should \ie equal to 
its length. The shape of the foundation la then made in the form of a 
frustum of a pyramid, sloping up towards the top, where it Is only 
about three inches larger on all sides than the base of the engine. 
When the hole has been dug in the ground, a form for the concrete 
must be made and then the concrete Is mixed as follows: one sack of 
good cement, two wheelbarrows of sand, and three wheelbarrows of 
crushed rock or small gravel, well mised with plenty of water to make 
it easy to handle. When putting the concrete Into the form It Is ad- 
visable to use old Bcrup Iron of all kinds, chains, wire, etc., to rein- 
force the concrete and keep it from cracking. Put in the concrete and 
scrap Iron together, tamping It tightly Into the form. Before putting 
in the concrete, however, place tbe anchor bolts in the bottom of the 
hole, with large heavy washers on their heads, and use the templet to 
locate them properly at the bottom; then run the nuts down on tbe 
anchor tiolts far enough to allow the templet to rest upon them while 
locating tbe bolts at tbe top at about tbe level where the engine will 
be set on the foundation. Then fasten the traits In some way so that 
they will not move while the concrete Is being put in place. The 
wooden templet Is left on the top of the foundation, the nuts, of 
course, having been removed when the foundation reaches to them, 
and tbe engine is set on the top of the templet, as It Is advisable to use 
a thin strip of wood between the concrete and the cast Iron of the 
base. Tbe foundation should be left to set at least four days before 
tbe engine Is placed upon it. 

BiOTaaving an Engine front a Bailroad Car 

The foundation now being ready, we wilt assume that the engine 
has arrived In a railroad car to the statloii, and that It Is to be removed 
from there by the purchaser. A few points relating to this operation 
will prove of value to all prospective buyers of engines. The engine 
has been delivered to the transportation company by the manufacturer 
or dealer, properly packed for shipment The responsibility of the 
manufacturer or agent stops at this point, and the transportation com- 
pany Is supposed to deliver It to tbe purchaser in perfect condition. 
The engine, if of a heavy type, has been transported In a separate car. 
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and Is left on n side track accessible for teams. Tlie first thing to do 
1b to have the local station agent make an Inspection ot the engine 
In the presence of the purchaser or his representative, to see If It is 
In good coDditlon and that no damage has been done to it In trans- 
portation. Should any damage t>e revealed at this Inspection, the 
station agent should be required to make a notation ot the damage 
upon the expense bill before the freight la paid. After this Is done 
the transportation company Is liable lor the damage, if any, and the 
buyer Is safe In unloading and taking charge ot the engine. 

If any timbers or asHlstance are needed la unloading the engine from 
the car, the transportation company, througli Its agent. Is supposed 
to furnish them. If the transportation company furnishes bad timbers 
for this purpose and an accident Is caused thereby, the mere accept- 
ance by the purchaser ot the bad timbers does not place the reeponsl- 
blllty upon him. The engine should preferably be moved onto a flat 
top dray wagon without springs. In moving the engine, take care 
to see that It Is properly supported at all times, and look out for 
where each step la the moving Is going to leave It. If any aciMdent 
happens to the engine before It Is clear of the car or before It is taken 
off the skids conveying It from the car to the wagon, the transporta- 
tion company Is liable for the damage, because being a local shipment, 
the company is supposed to remove It from the car and the purchaser 
Is merely acting for the company when taking the engine from the 
car. After the engine Is placed on the wagon, the purchaser Is en- ' 
tlrely responsible for It. 

As an example of what may be encountered In unloading an engine, 
the following experience may be mentioned. An engine arrived at Its 
destination In good condition and the car was set on a siding near 
a pile of ties which were to be used In unloading. Some other timbers 
were also necessary which the agent of the railroad company fur- 
nished, but these were not as strong as the man unloading the engine 
required; however, the station agent Informed him that he would have 
to use them. He went on with the operations, taking eztra precautions 
to brace the weak timbers, but Just as the engine was about half way 
between the car and the wagon, one of them gave way and the engine 
went into a ditch upside down. The man In charge ot the unloading 
went to the long-distance telephone and called up the general agent 
ot the manufacturing company, stating the circumstances and asking 
for Instructions. He was told to Inform the station agent that the 
engine could not be used, and that It would be left on the railroad 
company's hands. A new engine was loaded at the factory the same 
day and shipped, and In that case ample assistance was rendered in 
unloading the new engine. The first engine was loaded by the railroad 
company onto a car and returned to the factory free of charge, and 
the bill tor repairs necessary to restore It Into satisfactory work- 
ing condition was rendered to the railroad company, which paid It 
without a damage suit. 

After the engine Is safely placed on the wagon it should be conveyed 
by the safest and easiest road to the place of Installation. Avoid , 
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uneven ground and bad street crossings; take plenty of time and be 
sure ol every move. Always release the team from the wamn while 
loading and unloading the engine. In unloading the matter is greatly 
sfmpUfled if two trenches are dug for the wheels of the wagon so that 
the asles almost touch the ground. In this case, the timbers on which 
the engine Is handled will be more nearly level. If they are entirely 
lerel, rollers may be used under the skids to which the engine Is 
fastened. If, however, the timbers slope at all, rollers should not be 
used. The main thing Is to avoid being In a hurry, and not to permit 
anything else to Interfere until the engine has been placed on the 
foundation. 

InataUatton of AiizlUarlee 

The next thing la to select a suitable place for the battery box. 
This place should be dry and free from vibration. Then connect the 
wiring as has already been explained In Chapter III. If natural gas 
is to be used as a fuel. It is necessary to have a special mixer which 
win be furnished by the manufacturer of the engine. All that is neces- 
sary Is a gas bag or tank, together with the necessary piping, to al- 
low the charge to be thrown quickly Into the cylinder. Some engines 
use gasoline for a start and then switch onto the natural gas, while 
others start directly on the gas. If the engine loill staM directly on 
the gas, there Is no good reason for using gasoline. 

If liquid fuel is to t>e used, It is advisable to place the fuel tank out- 
side of the building and it Is etill better to bury it la the ground. 
After the tank has been burled In a suitable place. It is an easy matter 
to arrange the piping to the fuel pump on the engine. As far as pos- 
sible, this piping should be underground, as It Is out of the way, A 
pipe for the fuel, passing from the pump to the mixer, and a pipe for 
the overflow to return from the mixer bowl to the tank, must be pro- 
vided as already explained In Chapter II. If the overflow pipe stops 
at the top of the fuel tank, It will not be necessary to have a vent hole 
at the top of the tank, as the air will flow Into the tank from the 
overhead pipe which will not always be full of gasoline. The pump 
pipe should pass to the bottom of the tank and should be provided 
with a fine screen to prevent foreign substances from passing Into 
the mixer. 

Starting a New Bnelne 

After the engine Is properly Installed, the flrst thing is to start It 
running. This is done by turning on the battery switch, setting the 
needle valve in the starting position, turning off the air damper, re- 
leasing the compression, and giving the flywheel a few turns, which 
will put It in motion. After the engine has made a few revolutions, 
open the air damper, close the needle valve to the running position, 
put the relief cam back into place, and let the engine run, watching 
for developments. It Is, of course, presumed that all the oilers and 
grease cups have been flUed, and that all movable parts have been 
oiled with the oil-can. Now see that water enters into the cylinder 
cooling Jacket within Ave minutes, or stop the engine, as It Is not 
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safe to allow the engine to run wltbout cooling water In the Jacket. 
It Is best to allow the engine to run an hour or so without any load, 
and to watch the hearings to see that they do not overheat or get warm. 
In case of doubt on any point, stop the engine and make an 
examination. 

In cold weather, a gasoline engine Is more difficult to start than In 
warm weather, the reason being that gasoline, in changing from a 
liquid to a rapor, reduces Its temperature about 30 degrees F. If the 
air is cold on the outside of the cylinder and the mixer has taken 
In vapor 30 degrees colder, it is easy to understand that this would 
interlere with the proper vaporization. Hence, It will be difficult to 
start the engine. There are several methods to overcome this diffi- 
culty, either by warming the gasoline, warming the air, or by using 
one part ether and tour parts gasoline lor a start; this will make a 
liquid which will vaporize readily several degrees below zero. To 
warm the gasoline Is a process which Is dangerous and should only be 
attempted as a last resort It can be done safely only by using hot 
water or a hot cloth. The air may be warmed by heating a piece of 
Iron red'hot and holding it at the mouth of the Intake pipe, allowing 
the air to pass over the hot iron as It passes Into the intake pipe, 
after which It Joins the gasoline vapor and raises Ita temperature. 
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CHAPTER I 



CLASSES AND STAITDABDS OF MBASUREMUNT 

TbiB treatise deals with the varlouB torma and types ol gases and 
measuring InstrumeiitB used In machine shops and tool-rooms. Prac- 
tically all o( the measuring tools used by macblnlste and toolmakers 
may be divided Into two general classes; vis., the tools for measure- 
jueata of length, and those for the measuremeat of tapers or angles. 
Length measuremen-ts. In turn, may be dirided Into line meaaure- 
menta and end measurements. The former are made by direct com- 
parison with graduations on the measuring tool, and the latter by 
brtaglng the work into actual contact with the measuring surfaces of 
the instrument Examples of line measurement are those made with 
a machinists' rule, whereas, end measurements are those made with 
a micrometer or similar tool. Angular meaauremente are also ob- 
tained either directly by means of degree graduations on an adjust- 
able protractor, or by testing the work with a gage which conforms 
to the reaulred angle. 

In the two general classes of tools for length and angular measure- 
ments, there are many different types and designs. For Instance, 
there Is the adjustable type, which la graduated and is used for taking 
direct measurements in inches or degrees: then, there Is another type 
which Is fixed and cannot be used for determining various alees or 
angles, but simply tor gaging or testing one particular size. There are 
also tools for taking approximate measurements and others designed 
tor very accurate or precise measurements. Ordinarily, both classes 
of measurements would be required In building a machine or tool, 
because some parts must be accurate, whereas others can vary In size . 
to some extent, and. In such cases, any unnecessary refinement means 
an Increase of time and cost Measurements whtcb, in machine and 
tool (ftmstructlon, belong in the approximate class, are those made by 
means of a rule or scale, or by working to lines which have been laid 
out on the work and represent flnlshed surfaces. For precise meas- 
urements, there are vernier calipers, micrometers, fixed gagea, and 
reference gages which represent subdivisions of the standard yard 
within very small limits. 

Btandarda of UwtaaraoiMit 

Evidently, if there la to be a uniform system of measurement, it 
Is necessary to have a fixed standard. The yard Is the commonly 
accepted standard of length In the United States, although It la not 
the legal standard. In 1866 Congress passed a law making legal the 
meter. In 1S75 repreaentatlves of various countries signed a treaty 
providing for the establishment and maintenance, at the common 
expense of the contracting nations, of a scientific and permanent 
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bureau of welgbts and meaeureB, to be located In Paris. This bureau 
was empowered to cooetruct and preeerre the International standards 
and to distribute copies to the different countries. 

Tlie Intematlonaj meter adopted by this Bureau is the fundamental 
unit of length la the United States. The primary standard Is de- 
posited at the International Bureau of Weights and Measures near 
Paris, France. This is a platinum-lrldlum bar with three fine lines 
at each end; the distance between the middle lines of each end, when 
the bar is at a temperature of degrees C, Is one meter by deflnltiiin 
Two copies of this bar are In the possession of the United States and 
are deposited at the Bureau of Standards, in Washington. 

3600 

The United States yard Is defined by the relation, 1 yard ^= 

3937 
meter. The legal equivalent of the meter for commercial purposes 
was fixed as 39.37 Inches by law In July, 1866, and experience having 
shown that this value was exact within the error of observation, the 
United States office of standard weights and measuree was, by executive 
order, In 1893, authorised to derive the yard from the meter by the 
use of this relation. No ultimate standard of reference for angular 
measurements Is required, inasmuch as the degree can be originated 
by subdivision ol the circle. 

The Bureau of Standards employs various methods oC making com- 
pariaons of bars which are submitted by manufacturers for test, the 
method depending upon the kind of bar, the accuracy desired, and the 
adaptability of the apparatus available to the bar or test piece. Thus, 
there are several classes of tests, such as Class A, for reference stand- 
ards, Class B, for working standards, etc. The fee charged for this 
work depends, of course, upon the class and nature of the test. Metric 
length measures tested by the bureau are standardized at 20 degrees 
C, and standards in the customary units of yards, test, and inches are 
made to be correct at 62 degrees F. 

Value ol a Standard of UMMureoMnt 
The standard bars at Washington are the ultimate standard of 
reference for the manufacturers In this country. Working standards 
or duplicates have been made tor the use of manufacturers of gages 
and measuring Instruments. In 1893, the Brown & Sharpe Mfg. Co. 
decided to make a new standard to replace the one they bad at that 
time. The following general description of how a copy of the govern- 
ment standard was made Is taken from a paper by Mr. W. A. Viall, 
presented before the Providence Association of Mechanical Engineers, 
and shows the great accuracy necessary In connection with work of 
this kind. 

First steel bars about 40 inches long and 1% Inch square were 
planed, and then allowed to "season" for several mouths. At the ends 
of these bars two gold plugs were Inserted with centers 36 inches 
apart, and a little beyond these, two other plugs 1 meter apart This 
bar was placed in position upon a heavy bed so arranged that & tool 

Goo<^lc 



STANDARI>S OP MBASUREHENT & 

carrier could pEisa over the bar. The tool carrier conBlsted ol a light 
frame-work holding the marking tool. The point of this marking tool 
waa curved and had an angle, bo that It dropped, it made an Im- 
preaslon In the form of an ellipse. A line made with this tool was 
short and that portion of the Hoe was used which passed, apparently, 
through the straight line In the eye-glass of the microscope. In order 
to make these lines as definite as possible, tbe point was lapped to a 
bright surface. A microscope at the front of the tool carrier was set 
to coincide with the graduation on the standard bar from which the 
new bar was to be graduated. After obtaining this setting, the mark- 
ing tool was dropped by turning a lever, thus making a line on the 
plugs that was so flne it was not visible to the naked eye. After mak- 
ing this first line the carriage and marker waa moved along to co- 
incide with tbe other line on the standard, and aCter the correction bad 
been made by the use of a micrometer in the microscope, the mark- 
ing tool was again dropped, giving a second line which was Intended 
to mark the distance equivalent to one yard. This same operation 
was repeated In marking lines representing tbe meter. This work 
was done, of course, with the greatest care, and while It may appear 
very simple from the description. It required a great deal of time 
and patience. 

The standard bar thus marked was taken to Washington and com- 
pared with the government standard Bronze No. 11 and also with 
Low Moor Iron No. 57. In comparing these standards, a method waa 
employed very similar to that used In marking. The bar, properly 
supported, was placed upon a box that rested upon rolls and on this 
same box was placed the government standard with which the Brown 
A Sharpe standard was to be compared. Both the government standard 
and the bar to be tested were placed In position under tbe microscope 
and by the micrometer screw of the microscope the variation between 
tbe two was measured. Three conqtarlsons or tests were made on each 
end before determining the reading of the microscope, and after these 
comparisons tbe value of tbe B. ft S. standard No. 2 was found to be 
36.00061 Inches for the yard, and 1.0000147 meter for the meter. 

After completing this work, a second standard known as No. 3 was 
prepared, and comparison with the government standard showed the 
error to be 0.00002 inch for the yard, and O.OOOOOG meter for the meter. 
After establlablng a yard In this manner, tbe next problem waa that 
of obtaining an Incb; this was done by subdividing the yard into two 
equal parts, and then further subdividing these two divisions Into 
three, and the three Into six, thus giving tblrty-elx subdivisions or 
Inchea. 
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CHAPTER II 



OAUPEBS AND MICROMETERS 

Calipers are used principally for external and Internal measure- 
meats not requiring great accuracy, and are made In a variety o( 
designs. Sketch A, Fig. 1, shows outside calipers and indicates hvw 
they are used lor testing the size of a cylindrical part Inside calipers 
tor testing the diameter of a hole are shown at B, and sketch G illus- 
trates how the outside calipers are set by comparison with the inside 
pair or vice versa. For Instance, if the shaft at A were being fitted to 
the hole B, the calipers would be aet as follows: First the Inside pair 
would be adjusted t« Just touch both sides of the bole, when held as 
shown. The outside calipers would then be set to Just touch the ends 
of the Inside calipers so that the outside pair, practically spealclng, 
would represent the hole and could be used for testing the slie of 
the shaft. Obviously, If a rather heavy pressure were required to 
force the outside calipers over the abaft, this would Indicate that the 
dlanleter was too large. If the pressure were the same as between 
the two pairs of calipers, the shaft would St tightly; whereas, if the 
calipers passed over easily and without perceptible pressure, a close 
sliding fit should be obtained. 

Evidently, when testing sizes by means of calipers, the degree of 
accuracy attained depends largely upon the skill. Judgment and ex- 
perience of the one who sets and uses the calipers. Some machinists 
can work within very close limits, whereas others lack the delicate 
sense of touch that is necessary, in order to eliminate this personal 
factor, micrometers are extensively used in order to obtain direct 
measurements and secure different classes of flts by a definite allow- 
ance in thousandths of an inch, instead of by Judging the allowance 
from the pressure or side play of the calipers. Fixed gages, which 
are accurately made to the sizes required, are also widely used, 
especially for testing duplicate parts in connection with interchange- 
able manufacture. 

Mosi calipers are either the firm Joint or the spring type; the 
former, which Is shown in Fig. 1. simply has a friction Joint between 
tbe two "legs," whereas the spring type (illustrated in Fig. 3) la pro- 
vided with an adjusting screw and nut, and the two members are 
forced together against tbe tension of the curved spring at the upper 
or pivot end. These are merely constructional features and have 
nothing to do with the use of the calipers. Spring calipers are not 
made In large sizes like tbe friction-Joint type. 

Harmaphrodlt* and Bhouldm- Oallpats 

The caliper Illustrated at A. Fig. 2, is half caliper and halt divider. 
This form is often used for drawing a line parallel to a finished edea 
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(as the lllufltratioQ Indicates) or for locating a central point on the 
end ot a shaft by setting tlie caliper to the radius of the shaft, as near 
as can be Judged, and then scribing arcs which, at the polat of inter- 
sectlon. Indicate the center. 

The special form of caliper shown at B Is useful either tor testing 
the distance from the end of a shaft or rod to a shoulder, or the dis- 
tance from one shoulder to another. This type of caliper is also con- 
venient for testing the diameter when boring a cylindrical surface 
(aucb as the crown-brass of a locomotive driving box) which does not 
extend through a half circle, thus making It Impossible to measure 
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the diameter of the cut directly. Id the case of the driving box, the 
caliper points are set to the diameter of the Journal and the size of 
the bore Is tested by callpering from the point of the boring tool to 
the bored surface, when the box is turned around to locate the bear- 
ing brass away from the tool. Evidently, when the work is in this 
position, the distance from the cutting edge to the bored surtace 
represents the diameter of the cut. 

i:,, C::,GOO»^IC 



No. 130— QAQING TOOLS AND METHODS 



The BprlDff type of calipers shown at A and B, Fig. 3, are ased for 
meaaurlnE tbe diameters of ttareade. Caliper A is for teatlng the out- 
side diameter. It has broad ends which span two or more threads so 
that the diameter across the tops of the threads can easily be ohtained 
by flrst adjusting the calipers to just touch the threads and then meas- 
uring the distance heween the ends with a machinist's rule. Caliper 
B is for testing the diameter at the bottom or root of the thread. The 
ends are V-ehaped so that the points will bear at the bottom of the 
thread groove. For accurate measurements a thread mierometer 
should be used. (See "Thread Micrometer.") 

While tbe principal types of ordinary calipers have l>een referred 
to in the foregoing, other forms are often used. For some classes of 
work, combination calipers are very convenienL This type usually 
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combines dividers and outside and tnslde calipers In one tool. There 
are also many other special forms, many of which are made by 
machinists, for taking measurements under unusual conditions which 
make it impossible to use ordinary calipers. 

Points on BetUnfr Callpera 
The accuracy of caliper measurements is governed partly by the 
adjustment of the calipers and also by the skill or Judgment of the 
workmen In transferring this size to the work. Outside calipers are 
commonly set to a given dimension In Inches, by holding one end 
against the end of a scale and adjusting the other end until it coin- 
cides with the graduation line representing the required size. A mora 
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e and poaltlve method la to use a ataodard plug or disk gage 
of tbe required diameter. It ooe U available. 

When setting inalde calipers with a scale, the end. of the latter 
should be placed squarely against some true surface; then one end 
of the caliper Is held against this same surface, thus aligning It with 
tbe end ot tbe scale, while the other end Is adjusted to tbe required 
measurement To insure .a square end against wbich to place a scale 
and caliper, some machinists bold the scale on tbe blade oC the square 
with one end resting against tbe beam or stock. 

Standard ring gages or an outside micrometer are prelerable for 
setting Inside calipers. A ring gage ot the required diameter is not 
always available, but an outside micrometer is a common tool, and. 
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being adjustable, affords hd accurate method of setting Inside calipers. 
Tbe micrometer Is jlrst set to tbe size required; then tbe ends ot the 
caliper are adjusted to Just touch the parallel faces of the anvil and 
spindle of tbe micrometer. When an attempt is made to set Inside 
calipers to a given measurement, by first setting outside calipers with 
a scale and then transferring the size to the Inside calipers, obviously, 
several chances of error are introduced. 

81d« Play ot CaUpan 
Judging a fit allowance by tbe amount of side play the calipers have 
in a bole. Is a common method, althougb not very reliable, especially 
wben considerable accuracy Is necessary. To Illustrate this method 
ot fltting, suppose a pulley hub were being bored to lit a shaft. After 
setting the outside calipers to the size of the shaft, the inside calipers 
■bould be adjusted to tbe outside pair, so tbat tbe bearing or degree 
of contact Is tbe same as between the outside calipers and the shaft. 
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The hole should then be bored to auch a diftmeter that the Inside 
calipers have a sIlEht side play. In order to provide an easy sliding Qt 
for the shaft. 

The amount of this side play would depend upon the dlametor and 
length of the hole and the accuracy required for the fit. For Instance, 
a side play ol only % Inch might be sufllclent for a small site hole, 
whereas, ^ Inch or more might be necessary for a comparatively 
Urge hole, especially If quite long. The following rule may be used 
to determine the allowance for a given amount of side play, or. In 
other words, the difference between the diameter of the hole, and th« 
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+0.005 to +0.006 
+0.006 to +0.010 
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dimensions to which the calipers are set or the length of a standard 
end-measuring rod. 

Rule: Determine the amount of side play In sixteenths of an loch 
or the number of sixteenths; square this number and divide the result 
by twice the dimension to which the calipers are set, or by twice the 
length of the end-measuring rod. The quotient represents the allow- 
ance or dllference In thousandths of an Inch. 

For example, suppose a standard end-measuring rod, 6 Inches long, 
had a side play of Vt Inch In a bored hole. What is the difference 
between the length of the rod and the diameter of the hole? 

In 14 Inch, there are 4 sixteenths; hence, the allowance or difference 

4X4 16 

- ^ 1.3 thousandths or 0.0013 Inch. 
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While this method does not give results which are absolutely ac- 
curate, the error Is so small, especially when the amount of side play 
U small, that it can usually be disregarded. Judging an allowance for 
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a Ot Id this way, hoverer, Is not to be recommended, and. Id most 
sbops, would be unnecesaary, owing to the gagea and micrometers for 
both external and Internal measurementa which are dow In common 
use and give direct roeasuremeuto. 

A general Idea of the allowances required for average machine work 
may be obtained from' the table od page 10, which coTers four dlf- 
tereDt classes of fits aod diameters varying from to 6 inches. 



r Caliper 

The vernier Is an auxiliary scale that la attached to vernier calipers, 
height gages, depth gages, protractors, etc., for obtaining the frac- 
tional parts of the subdlTlslons of the true scale of the Instrument 
When a scale la graduated In hundredths or even sixty-fourths of an 
Inch, it Is confuaing to take meaaurements with it owing to the fine- 
ness of lines. If It were posatble to graduate a scale to thousandths. 




Tit. *■ 



Binlor CkUp«r 



or with every Inch subdivided into a thousand equal parts, such a 
scale would, of course, be useless, owing to the extreme Oneness ot 
the lines and the minute distances between them. Such fine divisions 
on a scale are not. bowever, necessary, for by means of the vernier 
scale, graduations which are comparatively large can be divided so 
that fine measurements may be taken. 

For example, the true or regular scale of the vernier caliper shown 
In Fig. 4, is graduated in fortieths of an inch, but by means of the 
vernier scale F, which la attached to the sliding Jaw of the instru- 
ment, meaaurementa within one-thousandth of an inch can be taken. 
In other worda, the vernier. In this caae. makes it possible to divide 
each fortieth of an Inch on the true scale Into twenty-flve ports. To 
measure the diameter D with a vernier caliper, adjust the sliding }aw 
until It Is close to the work and then lock the slide A by the scnw 
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sbown. Wltb the nut B, which is used tor making One adjustments, 
move the Jaw until It Just touches the work. The distance that the 
vernier scale zero has moved to the right at the sero mark on the 
true scale <whlch equals diameter D) is then read directly to 
thouaandths ol an inch, by calling each tenth on the true scale that 
has been passed by tha vernier sero, one hundred thousandths, and 
each fortieth twenty-flve thousandths, and adding to this number as 
many thousandths as are Indicated by the vernier. The vernier aero 
In the illuatratloo is slightly beyond the flve-tentbs division; hence, 
the reading ts O.&OO plus the number of tfaousandthB Indicated by that 
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line on the vernier that exactly coincides with one on the scale which, 
in this case, is line IG, making the reading 0.500 + O.OIS =•• 0.616 inch. 

Principle ot the Vernier Boale 
By referring to the enlarged scales shown at A and B, Fig. 6, the 
principle of the vernier will be more apparent When a vernier 
caliper reads to thousandths of an Inch, each Inch of the true scale B 
Is divided Into ten parts, and each tenth into four parts, bo that the 
finest divisions are fortieths of an Inch. The vernier scale 7 has 
twenty-five divisions, and its total length Is equal to twenty-four 
divisions on the true scale, or 2i/i0 of an Inch; therefore, each 
division on the vernier equals 1/ZE of 24/40 or 24/1000 Inch. Now, 
as 1/40 equals 25/1000, we see that the vernier divisions are 1/1000 
inch shorter than those on the true scale. Therefore If the sero 
marks of both scales were exactly In line, the first two lines to the 
right would be 1/1000 Inch apart; the next two 2/1000, etc It Is 
evident, then, that it the vernier were moved to the right until, uj. 
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the teath line rrom the >ero mark exactly coincides with one od the 
true scale, as shown at A, the movement would be equal to 0.010 Inch, 
since this line was 0.010 Inch to the left of the mark with which It 
now colnddcB, when the zero lines of both scales were toKether. 
Similarly, If the fifteenth line were exactly opposite & line on the true 
scale, the movement of the vernier would be equal to O.OIE, etc.; so 
we see that the number of thousandths that the vernfer aero has 
moved past a graduation on the true scale Is determined simply by 
counting the number of spacea between tbe zero of the vernier, and 
that line on It which exactly coincides wlthi one on the true scale. 
If the vernier were moved along to the position shown by the next 
sketch B (Fig. 5) the true scale would Indicate directly that the 
reading was slightly over 0,500 Inch, and the coincidence of the gradu- 
ation line IB on the vernier with a line on the true scale, would show 
the exact reading to be 0.500 + 0.016 = 0.515 Inch. 

In Fig. 6 a true scale 8 is shown at C that Is graduated Into six- 
teenths ot an Inch, and the vernier T has eight divisions with a total 
length equal to seven divisions on the true scale, or 7/16 of an Inch; 
therefore, each division on the vernier Is 1/8 of 1/16. or 1/128 inch 
shorter than the divisions on the true scale; so we see that In this 
case the vernier enables readings to be taken within one hundred and 
twenty-eighths of an Inch, Instead of In thousandths as with the one 
previously described. The divisions then that may be obtalhed by a 
vernier depend altogether on the way the true and vernier scales are 
graduated. 

In order to determine the fractional part of an Inch that may be 
obtained by any vernier, multiply the denominator o( the finest sub- 
divlelon of an Inch given on the true scale by the total number of 
divisions on the vernier. For example, If (as In Fig. 4) the true scale 
is divided into fortieths and the vernier Into twenty-five parts, the 
vernier will read to thousandths (40X25 = 1000). If there are six- 
teen divisions to tbe Inch on tbe true scale and a total of eight on the 
vernier, the latter will enable readings within one hundred twenty- 
eighths of an inch to be taken (16XS = 12S). It will be seen then 
that each subdivision on the true scale can be divided Into as many 
parts as there are divisions on the vernier. 

The following is a general rule for taking readings with a, vernier: 
note the number of inchei and whole MviHont of an Inch that the 
vernier zero ho* moved alottg the true Kale, and then add to tftla 
number a» many Ihousandfh*, or hundredthi, or whatever fractional 
part of an inch the vernier readi to, at there are tpacei between the 
vernier xero and that line on It which coinddei with one on the true 

Tbe vernier caliper can be used for measuring the diameters of 
boles or for other Inside measurements, as well ae for external meas- 
urements, hy using the outside surfaces ot tbe Jaws or measuring 
points. The width of the Jaws should be added to the apparent read- 
ing as given by the scale and vernier, to obtain the correct insMe 
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dimensions. No such allowance Is necessary when using the gradua- 
tions on the opposite side of the beam of some vernier calipers, as two 
lines marked "in" and "out" Indicate Inside and outside maesurementa. 

Temlw C»llp«r with BIMrfo Qraduatloiis 
The application of the vernier to a caliper graduated on the metric 
system Is Illustrated In Fig. 6. In this case we have, instead of Inches, 
centimeters which are subdivided Into ten parts called millimeters. 
By the aid of the vernier, each millimeter Is again divided Into ten 
parts so that readings can be taken to within 1/10 of a millimeter or 
1/100 ot a centimeter (0.0039 of an inch). The reading with the 
caliper set as shown in the Illustration Is 2 G6/1D0 centimeters, or, as 
commonly expressed, 25 5/10 millimeters. As shown more clearly by 
the enlarged detail view, the left-hand or lero mark of the vernier has 
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passed the 2% centimeter graduation, and the fifth line on the vernier 
coincides with one on the true scale; therefore, the reading Is 25 milli- 
meters plus 6/10 of a millimeter. This particular Instrument hsa on 
the opposite side ot the beam two series of Inch graduations which, 
with the verniers, enable measurements within 1/100 and 1/128 o( an 
Inch to be taken. Therefore Inches may be converted into metric 
measurement, and vice veria, by taking the reading first on one side 
of the beam and then on the other. 

Ucromoters for Bxtemal and Internal Measiirainants 
Micrometer calipers are used for taking accurate meaaurements. A 
small size for external measurements le shown at A, Pig. T. The part 
to be measured Is placed against the anvil a and the adjustable 
spindle b Is then screwed in until It bears lightly against the work, 
by turning the thimble or sleeve c; the size Is then determined by 
referring to the micrometer graduations. Host micrometers are gradu- 
ated to read to thousandths of an inch, although some have an 
auxiliary vernier scale which enables readings to within 0.0001 Inch to 
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be taken. (The method of reading a micrometer will be explained 
later.) This particular micrometer will measure ail sites varying 
from D to 1 Inch. Some outside micrometers have a lock-nut which 
is used to clamp the spindle in order to convert the micrometer Into 
a Dzed gage. To use a micrometer In this way Is generally con- 
sidered poor practice. The proper method of taking a measurement 
Is to close the contact points agslnst the work with a light pressure 
and then determine the size by the graduations as previously 
explained. 

Many micrometers have what Is called a ratchet stop d at the end 
of the barrel or tbimble. If this Is used when adjusting the measur- 
ing point against the work, it will slip when the point bears lightly, 
and thus prevent excessive pressure. The advantage of securing a 
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uniform contact or degree of pressure Is that uniform readings are 
then obtained. Obviously, a difference In pressure will give a dif- 
ferent reading and might result In a serious error. Inaccuracies from 
this cause might be negligible so far as one workman Is concerned, 
but they become important where measurements are taken by many 
different workmen, because everyone does not have tlie same sense 
of touch. 

A micrometer for measuring the diameters of holes or for taking 
other Internal dimensions Is shown at B, Fig. 7. The measuring sur- 
faces are hardened and ground to a radius to secure accurate measure- 
ments and to avoid cramping when measuring the distances between 
parallel surfaces. The movable ]aw has a clamp screw that la 
tightened when it Is desired to retain the setting of the calipers. 

Another form of Inside micrometer Is shown in Fig. 8. This par- 
ticular size can be used tor measurements varying from 2 to 12 
inches. When testing the diameter of a comparatively small hole, 

I ,, Coo»^lc 



16 



No. 130— GAGING TOOLS AND METHODS 



wbea there Is not ButBcieDt room for the hand, an auxiliarr handle a 
la screwed Into the mlcrometar head as ahown In the lUuBtratlon. The 
micrometer screw has a movement of one-half Inch and by inserting 
extension rods of dllTerent lengthe in the head at b, any dimension 
np to 12 inchM can be obtained. Two of these extension rodj) are 
shown to the right They are provided with collars which serve to 
locate them accurately in the micrometer head. 

An inside micrometer gage that Is especially adapted for large 
Internal measurements la shown at A, Fig. 9. This gage conalsts at 
a holder equipped with a micrometer screw with graduations read- 
ing to 0.001 inch, and into this holder Is inserted an adjustable rod. 
This rod also has graduations in the form of a series of annular 
grooves of a form and depth that allow clamping fingers on the holder 
to BDrIng Into them, thus making It possible to shift the rod in or 
out to the required length. Gages of this type usually have a series 
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of rods eo that a wide range of sizes can be measured. They are not 
only used for Internal measurements but for setting calipers and for 
similar work. 

A micrometer caliper for large external measurements is shown at 
B. The micrometer screw has an adjustment of one inch and is 
graduated to read to 0.001 inch. When measuring small sizes, the long 
anvil or spindle t Is used, whereas, for larger sizes, one of the shorter 
spindles Is inserted. The sides of the steel frame are covered with 
hard rubber to prevent Inaccuracies in the measurements as the result 
of expansion from the heat of the hands. As will be noted, this 
micrometer has a ratchet stop to insure uniform pressure when 
measuring. 

Thread Micrometers 

For the accurate measurement of screws or threads, the special 
thread micrometer shown in Fig. 10 Is often used. The fixed anvil is 
V-shaped eo as to fit over the thread, while the movable point is cone- 
shaped BO that it win enter the space between two threads. The coo- 
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tact points are on the sides o( the thread, as they must be In order 
that the pitch diameter ma; be determined. The cone-shaped point of 
the meoaurtng screw Is slightly rounded so that It will not bear at 
the bottom of the thread. Ttiere Is also sulllclent clearance at the 
bottom of the V-shaped anvil to prevent It from hearing on the top of 
the thread. The movable point Is adapted to measuring all pitches, 
but the flied anvil U lltoited in ita capacity. To cover the whole range 
of pitches, from the finest to the coarest, a number of fixed anvils are 
required. 

To find the theoretical pitch diameter, which la measured by the 
mlcrotoeter, subtract the single depth of the thread from the standard 
outside diameter. The- depth of a V-thread equals 0.866 ->- number of 
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threads per inch, and depth ot U. S. stahdard thread equals 0.6496 
-{- number of threads per Inch. 

If standard plug gages are available. It Is not necessary to actually 
measure the pitch diameter, but merely to compare It with the 
standard gage. In this case, a ball-point micrometer such as Is shown 
In Fig. 11 may be employed. Two types of ball-point micrometers 
are ordinarily used. One Is simply a regular micrometer with ball 
points made to slip over both measuring points, as shown by the detail' 
sketch B. This makes a combination plain and ball-point micrometer, 
the hall points being easily removed. These ball points, however, 
may not fit solidly on their seats and are apt to cause errors in the 
measurements. The best method Is to use a regular micrometer into 
which ball points have been fitted as shown at ^. Care should be 
taken to have the ball point In the spindle run true. A hole Is pro- 
vided in the sptndle so that the ball point can easily be driven out 
when a larger or smaller size of ball point Is required. ' oiaqIo 
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The pitch of the thread on the flplndle 6 (Fig, 7> of an ordinair 
micrometer is 1/40 or an Inch. Along the frame at e (see also detail 
sketch A, Fig. 12), there are graduations which are 1/40 inch apart; 
therefore, when thimble c and the measuring spindle are turned one 
complete revolution, thej move In or out, a distance equal to one of 
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the graduations or 1/40 Inch, which equals 25/1000 Inch. It Is evident 
then that tf Instead of turning the thlmhle one complete revolution, 
it Is turned say 1/25 of a revolution, that the distance between the 
anvil and the end of the spfodle will be Increased or diminished 1/25 
of £5/1000 of an inch, or one thousandth inch; therefore, the beveled 
edge of a micrometer spindle has twenty-flve graduations, each of 
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which represents 0,001 Inch. Following is a general rule for reading 
a micrometer: 

Count the number of whole divisiotia that ore visible on the scale 
ot the frame, multiply this number 6;/ 2,5 (the number of thousandth* 
Of an inrh that each division represents) an<£ add to the product tk« 
number of that division on fhe thimble which coincides with the axial 
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aero line on the Irame. The retult will be tite iiameter expreiied in 
thtyuaandths of an inch. 

As the nambers 1. 2, 3, etc., oppoelte ever? fourth subdivision on 
the frame Indicate hundreda of thousandths, the reading can easily be 
taken mentally. Suppose tlie thlmole were screwed out so that 
graduation 2, and three additional subdivisions were visible (as shown 
at A, Fig. 12), and that graduation 10 on the thimble coincided with 
the axial line on the frame. The reading then would be 0.200 + 0.076 
+ 0.010, or 0.285 Inch. 

Some micrometers have a vernier scale v on the frame (see sketch 
B, Fig. 12) In addition to the regular graduations, so that measure- 
ments within 0.0001 Inch can be taken. Micrometers of this type are 
read as follows: 

first determine the number of thousandths, as witfc an ordinary 
micronteter, and then find a line on the vernier tcale that exactly cO- 
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incides with one on the thimble; the number of this line reprctentf 
the number of ten-thousand ffu to be added to the number of thous- 
andths obtained by the regular graduations. 

The relation between the graduations of the vernier and those on 
the thimble Is more clearly shown by diagram C. The vernier has ten 
divisions which occupy the same space as nine divisions on the thimble, 
and for convenience In reading are numbered as shown. The dif- 
ference between the width of a vernier division and one on the 
thimble Is equal to one^enth of a space on the thimble. Therefore a 
movement of the thimble equal to this difference between the vernier 
and thimble graduations represents 0.0001 Inch. When the thimble 
coincides with the line x on the frame, the of the vernier coincides 
with the third line to the left (marked with an asterisk). Now when 
the thimble (or any other graduation line on the thimble) has 
passed line x. the number of ten-thousandths to add to the regular 
reading la equal to the number of that line on the vernier which 
exactly coincides with a line on the thimble. Thus the reading shown 
at C (Fig. 12) is 0.275 -|- 0.0004 = 0.2764 Inch. 
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PIXBD AND ADJUSTABLE OAQBB 

Strictly speaking, any tool or Instrument used for taking i 
ments might properly be called a gage, but this term, aa used b; 
machinists and toolmakerB, Is generally understood to mean that claaa 
of tools whlcb conform to a fixed dimension and are used for testing 
sixes but are not provided with graduated adjustable members for 
mettSttrlng various lengths or angles. There are exceptions, however, 
to this general classlB cation. 

Measuring lostrumente, such as the micrometer and vernier caliper, 
are indispensable because they can be used for determining actual 
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dlmensloas, and, being adjustable, cover quite a range of slses. Any 
form of adjustable measuring tool, however, has certain disadvantages 
for auch work as testing the sizes of duplicate parts, espetlally when 
such tests must be made repeatedly, and solid or flzed gages are 
commonly used. There Is less chance of Inaccuracy witb a flzed cage 
and It Is more convenient to use than a tool which must be adjusted, 
but owing to the necessity of having one gage for each variation in 
site, and because of the cost of a set covering a wide range of sixes, 
solid gages are used more particularly for testing large numbers of 
duplicate parts In connection with Interchangeable manufacture. 

Two different types of flzed gages are shown in Fig. 13. The form 
shown at A is commonly known as a "snap gage." The distance 
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tween the measuring surfaces Is flzed and represents the size stamped 
upon the gage, within very close limits. This type of gage can he 
obtained In various sizes and Is used for measuring duplicate parts 
In connection with general shop work. As a gage of this kind Is 
repeatedly paaaed over the work. It becomes worn, and, therefore, 
should be compared or tested occasionally with a standard reference 
plug or disk. In case of exccBBlve wear, the gage can be closed In 
slightly smaller than the required size and then be reground or 
lapped to the original size, as shown by a reference gage. 

Sketch B Illustrates another form of snap or caliper gage. This Is 
double-ended and 1b Intended for both external and Internal i 
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mentB, the width of the Internal end being the same as the distance 
between the measuring surfaces of the external end. 
Limit Qtgaa 
With the modern system of Interchangeable manufacture, machine 
parts are made to a definite size within certain limits which are varied 
according to the accuracy required, which, tn turn, depends upon the 
nature of the work. In order to insure having all parts of a given 
size or class, within the prescribed limit so that they can readily be 
assembled without extra and unnecessary fitting, what are known as 
"limit gages" are used. One form of limit gage for external measure- 
ment Is shown at A. Fig. U. It la double^nded and has a "go" end 
and a "not go" end; that Is, when the work Is reduced to the correct 
size, one end of the gage will pass over It but not the other end. When 
a single-ended snap gage A. Fig. 13. Is used, the diameter of the work 
may be slightly less than It should be, but by having a gage for the 
minimum as well as for the maximum sUe, every part must 
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within the tlmlta of the gage, Tbis allowance or limit Is made to con- 
torm to whatever amount experience has ahown to be correct for the 
particular class of fit required. 

Another external limit gage Is shown at B. Fig. 14. Nominally this 
la a H Inch gage. The size of the "go" end Is 0.2GO Inch and the sice 
of the "not go" end Is 0.24S5 inch; hence the tolerance Is O.OOIG Inch. ' 
Therefore a part that la more than 0.0015 Inch leas than 0.250 Inch will 
not pass the "not go" end of the gage. 

An Internal limit gage la shown at C. The nominal size of this par- 
ticular gage la 1% Inch. The diameter of the "go" end Is 1.2492 inch, 
whereas the diameter of the "not go" end la 1.2506 Inch; hence, in 
this case, the tolerance equals 1.2E0G — 1.2492 = 0.0014 Inch. Inci- 
dentally, It is good practice to make all holes to standard sizes within 




Fl(. U. (A) Adjni 



whatever limits may be advisable, and vary the size ot the cylindrical 
parts to secure either a forced fit, running fit, or whatever class of Bt 
may be required. 

It will be noted that the ends of these limit gages are of different 
shape so that the large and small sizes can readily be Identified with- 
out referring to the dimension stamped on the gage ends. Limit gages 
are very generally used tor the final Inspection of machine parts, as 
well as for testing sizes during the machining process. They are 
superior to the micrometer for many classes of Inspection work, be- 
cause the adjustment and reading necessary with a micrometer often 
results in alight variations ot measurement, especially when the read- 
ings are taken by different workmen. 

Adjustable lAmlt Snap Gasa 
The snap gage shown at A, Fig. IG, differs from the ordinary single- 
ended type In twb'partlculara: In the first place, It has two sets of 
measuring plugs and Is a limit gage. The lower set forms the "go" 
end and the upper set the "not go" end. These plugs are also adjust- 
able so that when the gage becomes inaccurate, as the result 
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the plugs cao eBBlly be reset, a standard reterence gage being used to 
determine ttae distance between them. 

The plugs are plain cylinders of hardened steel and are lapped to 
a snug sliding St in the hole of the gage body. The ends are sQuare 
and bear against adjusting screws, the torward ends of which are also 




lapped square. The clamping screws at the side not only clamp the 
plugs but tend to force them against the adjusting screws. The handle 
has an insulated grip. 

Another snap gage of the limit type Is shown at B. This gage has 
fixed iwlnts which can be renewed in case of wear. 




Fit. 17. Intirnil ud Eitankl Tipu lhc« 
PluK &nd Bintr Oases 
A standard external or ring gage and Internal or plug gage is 
shown at A, Fig. IG. These gages are very accurately made and are 
used either as reference gages or for setting calipers, etc., or as work- 
ing gages. One gage manufacturer makes solid gages of this type in 
diameters varying from 1/16 inch to 3 Inches. For larger sizes, up 
to 6 Inches in diameter, the plug gages are made hollow. 
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U. S. Btandsrd thread gagea ore shown at B, Fig. IG. These gages 
»re Intended as a practical working standard. The Interuat gage or 
plug is a standard to whlcb the external templet is adjusted. The 
plain unthreaded end of the plug gage Is ground and lapped to the 
exact diameter at the root or bottom ol the thread. 

Oages for testing the accuracy of tapers are shown In Fig. 17. The 
ring gage A la used for external tapers and the plug B for holes. The 
plug accurately fits the ring and when the; are assembled, a line on 
the plug coincides with the end ol the ring. This line Is used for 
gaging the depth of holes which must conform to the standard alae 
of the ring gage. When the plug gage Is used as a working gage in 
the ah(V, the ring is usually kept as a reference gage. On the other 




hand. It a ring is used for testing external tapers, the plug is often 
preserved as the reference gage. 

Oaffe tor Orlsinatinir and Aoourasel7 ICaaaurlnc Tapora 
When a certain taper or angle must be originated or accurately 
measured, the disk type of gage shown In Fig. 18 may be employed. 
The principle of the disk method of taper measurement Is that If two 
disks of unequal diameters are placed either In contact or a certain 
distance apart, lines tangent to their peripheries will represent an 
angle or taper, the degree of which depends upon the diameters of 
the two disks and the distance between them. This gage consists of 
two adjustable straight-edges A and A„ which are In contact with disks 
B and £,. The angle a or the taper between the straight-edges de- 
pends, of course, upon the diameters of the disks and the center dis- 
tance C, and as these three dimensionB can be measured accurately. It 
la possible to set the gage to a given angle within ver^ close 11m tta. 
Moreover, If a record of the three dimensions is kept, the exact setting 
of the gage can easily be reproduced at any time. The following rules 
may be used for adjusting a. gage of this type. 
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To Find Center JHJtonce for a Given Angle. — WbeQ tbe stralKht- 
edgea must be set to a given angle a, to determine center distance C 
between disks of known diameter. R*le: nnd the sine of ball the 
angle a In a table ot slnea; divide the difference between the disk 
diameters hj double thia sine. 

£xainjile.- — It an angle o of 20 degrees Is required, and the disks 
are 1 and 3 inches In diameter, respectively, Dnd the required center 
distance C. 

20 

— = 10 degrees; sin 10° = 0.17365; 
2 
3 — 1 

= 6.759 Inches = center distance C. 

2 X O.X73fl6 
To Find Center Diitance for a Qiven Taper. — Wben the taper. In 
inches per foot, is given, to determine center distance C. Rule: Divide 
the taper by 24 and-flnd the angle corresponding to the quotient in a 
table of tangents: then Snd the sine corresponding to tbls angle and 
divide the difference between the disk diameters by twice the sine. 

Example: — Oage is to be set to % incli per foot, and disk diameters * 
are 1.26 and 1.6 Inch, respectively. Find the required center distance 
for the disks. 
0.76 

= 0.03126. The angle whose tangent Is 0.03125 equals 1 

24 
degree ilA minutes; sin 1° «.4' = 0.03123; 1.60 — 1.86 = 0.26 Inch; 
0.26 

= 4.002 Incbes = center distance C. 

2 X 0.03123 
To Find Angle for (Hven DUk Dimenttona. — ^When the diameters 
ot the large and small disks and the center distance are given, to de- 
termine the angle a. Rule: Divide the difference between the disk 
diameters by twice the center distance; find the angle corresponding 
to Ihe quotient, in a table of sines, and double the angle. 

Example: — If the disk diameters are 1 and 1.6 Inch respectively, 
and the center distance is 6 Incbes, find the included angle a. 
1.6 — 1 

= 0.06. The angle whose sine is 0,06 equals 2 degrees 52 

2X6 

minutes; then, 2 deg. B2 min. x 2 => 6 deg. 44 mln. = angle a. 
To Find the Taper per Foot. — When the diameters of the large and 
smalt disks and the center distance V are given, to determine the taper 
per foot (measured at right angles to a line through disk centers). 
Rule; Divide the difference between the disk diameters by twice the 
center distance; find the angle corresponding to the quotient. In b 
table of sines; then Qnd the tangent corresponding to this angle, and 
multiply the tangent by 24. 

Example: — If disk diameters are I and 1.6 Inch, respectively, and 
center distance is 6 Inches, And the taper per foot. 
1.5 — 1 

! whose sine Is 06 equals '2 degrees 62 
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minutea; Ian 2" 52' = 0.05007; 0.05007X24 = 1.2017 inch Uper per 
loot 

B«ter>nDe Oases 
Reference gages are Intended for testing the accuracr of working 
gages such as are used In the shop and toolroom, and for setting other 
forms of measuring Instruments. Reference gages are made in dif- 
ferent forms varying from plain blocks or disks to special shapes de- 
signed for some particular class of work. The standard set of refei^ 
ence disks made by Brown ft Staarpe contains 46 disks varying by 
sixteenths of an Inch, from 14 to 3 Inches in diameter. Handles are 
provided so that these disks can be used tn place of standard cylindrical 
gages, but they are generally used without the handles for setting 
calipers, testing measuring Instruments and for reference purposes. 



Hf. la. Jahinnim Bsfeiaos Off 

Plug and ring gages similar to the type illustrated at A, Pig. 16, are 
also used to some extent for reference purposes, as well as for work- 
ing gages. In some shops it Is the practice to use the plug as a work- 
ing gage and the ring for testing It, or, in case the ring Is required 
as a working gage, the plug Is kept as a standard or reference gage, 
as previously mentioned. 

End-measuring rods and blocks are often used for testing snap 
gages, etc. Ordinarily, the solid measuring rods are cylindrical in 
form and may be obtained in sets covering a considerable range of 
lengrtbs. These rods are used for testing the parallelism and width 
of two finished surfaces, as well as for setting calipers and testing 
gages. The ends of some rods are made flat and parallel, whereas 
others have ends which are sections of spheres, the diameters of which 
equal the lengths of the rods. The spherlcal'ended form Is very con- 
venient for testing the diameters of rings, cylinders, etc. Some end- 



